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INTRODUCTION 
Vitamin E was one of the first vitamins to be discovered. Since 
its discovery there have been hundreds of investigations attempting to 
elucidate vitamin E's biological role. These investigations have con­
centrated primarily on physiologic, pathologic and anatomic manifesta­
tions of vitamin E deficiency and have revealed perhaps the largest 
variety of disorders associated with the nutritional deficiency of any 
single vitamin. Even more research was stimulated when Schwarz and Foltz 
(1957) established that selenium was an essential nutrient and was inter­
related with vitamin E. Despite the enormous amounts of work done by 
numerous investigators, we still do not have a definite understanding 
of how selenium and vitamin B merge in the metabolic scheme or cause 
the deficiency symptoms. 
Less than five years ago most nutritionists and veterinarians in 
the United States would have considered a vitamin E and selenium de­
ficiency in swine a most unlikely possibility. Vitamin E and selenium 
deficiencies were considered primarily an academic interest, Semipurified 
diets low in selenium and vitamin E and usually containing some polyunsat­
urated fat were required to produce deficiency symptoms. The deficiencies 
have not been recognized because poor performance and death of pigs have been 
believed to be due to mycotoxicosis, damaged and moldy grain, nonspecific en­
teritis, iron deficiency and toxicity, and vitamin B deficiency. Even if the 
vitamin E and selenium deficiency is recognized it is difficult to estimate 
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whether the deficiency is due primarily to inadequate amounts of selenium, 
vitamin E or a combination of factors. If the grain is low in selenium 
(less than 0.1 ppm) and damaged from mold and weather, it may also be 
deficient in vitamin E. If the animal is then stressed by disease, 
medications, weather, handling or parasites, deficiency symptoms and 
even death may occur. 
The present studies were initiated to 1) determine the effect of 
feeding pigs tocopherol and selenium alone or in combination,-2) to 
determine the effect of vitamin E and selenium deficiency on weight 
gains and deficiency symptoms of the pig, 3) to determine the effect of 
supplemental vitamin E and selenium on various constituents in the blood 
of pigs fed diets low in vitamin E and selenium, and 4) to determine the 
effect of feeding vitamin E and selenium alone or in combination on 
reproductive performance. 
t 
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REVIEW OF LITERATURE 
Nutritional muscular dystrophy (NMD) has been reported in different 
domestic animals in European countries, New Zealand and the United 
States (Hartley and Grant, 1961; Oksanen, 1967; Lannek, 1967). Dodd and 
Newling (1960) reported that vitamin E deficiencies in the pig were as­
sociated with three distinct pathological entities: degenerative changes 
in skeletal and cardiac muscle, yellow fat disease and liver necrosis. 
These entities have been established experimentally in pigs by a number 
of workers (Obel, 1953; Hove and Seibold, 1955; Eggert ^  , 1957; 
Forbes and Draper, 1958; Pellegrini, 1958). The deficiency produced by 
these workers was apparently identical with a naturally occurring condi­
tion which was first described and designated "Hepatosis diaetetica 
acuta" by Obel (1953). Ludvigsen (1953) reported on a muscular degenera­
tion that was common in Denmark, and assumed that the condition which he 
described was closely related to the disease known in Germany as "Herztod" 
(acute heart failure). Dodd and Newling (1960) and Hartley and Grant 
(1961) reported and described the morphology of naturally occurring cases 
of swine NMD in New Zealand. Michel, Whitehair and Keahey (1969) reported 
the outbreak of dietary hepatic necrosis in seven swine herds in Michigan. 
The nature of the condition in swine and interrelationships of vitamin E 
and selenium have been reviewed at a recent symposium (Oksanen, 1967). 
Clinical symptoms of NMD are seldom seen since affected animals are 
usually found dead (Hartley and Grant, 1961), Lannek (1967) and Oksanen 
(1967) reported that the condition is most common in young, fast growing 
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pigs from 3 to 15 weeks old, although NMD may occur in pigs of all ages. 
Sometimes it is possible to observe that the pigs are dull before death 
and show labored breathing, vomiting and diarrhea (Oksanen, 1967). 
Oksanen (1967) reported that pigs seldom have a fever. Pigs which suffer 
from hepatosis diaetetica for a longer period have anorexia, are sluggish 
and are often icteric (Oksanen, 1967). Dodd and Newling (1960) reported 
that in one natural outbreak deficient animals showed stiffness, tremblng 
and ataxia before death. 
Bie most common post mortem findings (Hartley and Grant, 1961; 
Lannek, 1967; Oksanen, 1967) are generalized subcutaneous edema, sub­
cutaneous icterus, pale skeletal and cardiac muscles, and liver necrosis. 
In acute cases the liver is enlarged, congested and friable, with a 
mottled mosaic appearance consisting of severely damaged and hemorrhagic 
lobules alternating with normal greyish-brown lobules. In older chronic 
cases, in addition to the focal multilobular lesions, there may be ex­
tensive focal fibrosis and fissures as the result of scarring and nodular 
hyperplasia. Sometimes the heart shows multiple minute white longi­
tudinal streaks scattered throughout the myocardium. The lungs show 
congestion and edema. Occasionally ulcerations of the stomach and colon 
and hemorrhage in the lymph nodes occur (Pellegrini, 1958). 
The histopathology (Dodd and Newling, 1960; Hartley and Grant, 1961) 
of the skeletal muscles shows that the muscle fibers become swollen and 
distorted in shape, and then develop a homogeneous appearance with the 
loss of cross-striations. The muscle fibers become fragmented which is 
followed by lysis of the necrotic fiber with some calcification. At a 
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later stage of the deficiency, there is sarcolemma nuclei proliferation 
and still later regeneration of muscle fibers. Some muscle fibers may 
show extensive damage while others may show very slight necrosis. The 
cardiac fibers show swelling, vacuolation and fragmentation of the cyto­
plasm. Sometimes the endocardium surface has a number of mononuclear 
cells and the epicardium is thickened and contains numerous cell nuclei. 
The changes in the liver consist of necrosis of isolated lobules or 
groups of lobules separated by normal tissue. Affected lobules show an 
acute centrilobular degeneration of the parenchyma cells, with con­
gestion and hemorrhage. In some lobules only a small zone around the 
central vein is affected whereas in others the damage occurs to the 
periphery. In the portal systems of affected areas, the medium size 
hepatic arteries and bile ducts were affected. The cytoplasm and nuclei 
of the cells of the media and intima and the biliary epithelial cells 
are sometimes distended and pale. These swollen protruding cells project 
into the lumen and thereby reduce the lumen of the arteries and ducts. 
The portal veins are affected in a like but less severe manner. 
Calcification of the parenchyma cells usually follows the lysis of 
necrotic cells and the latter are replaced by fibrous tissue. Other 
histopathology changes that have been observed include degeneration of 
the kidney tubular epithelium both in the medullary and cortical areas, 
and edema and reticular proliferation of the lymph nodes (Pellegrini, 
1958). 
The biochemical changes that have been described in conjunction with 
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NMD in swine include an elevation of enzyme levels in the blood and an 
alteration of the blood electrolyte concentrations. Glutamic-oxalacetic 
transaminase (SGOT), glutamic-pyruvic transaminase (SGPT) and ornithine-
carbamyl transferase (OCT) increase in serum of pigs affected with NMD 
and liver dystrophy (LD) (Orstadius et al., 1959; Lannek et al., 1960; 
TanhuanpSË, 1965; Lannek, 1967; Oksanen, 1967). The increase in serum 
enzymes has been interpreted to indicate a release of the enzymes from 
damaged tissue into the blood stream. Blincoe and Dye (1958) concluded 
that the increase in SGOT was proportional to the extent of muscle 
damage. The enzyme determinations in pigs with diseases other than ID 
and NMD show few and slight elevations of SGOT and OCT (Orstadius et 
al., 1959). Ludvigsen (1953) reported that pigs with NMD had a rise in 
serum potassium concentrations from 4.1-5.1 meq./l. to 6.1-7.2 meq./l. 
After death the reported potassium concentrations were 12.8-15.3 meq./l. 
With the rise in potassium there was a simultaneous decrease in serum 
sodium from a range of 174-239 meq./l. to a range of 130-157 meq./l. 
Red or brown urine has been reported as a rather common symptom in grow­
ing pigs (Graham Marr, Sharman and Blaxter, 1956)and in sows (Ringarp, 1960). 
Alterations that may be demonstrated in the muscle substance during 
NMD include an increase in the concentration of free amino acids in 
dystrophic rabbit muscle (Tallan, 1955; Nichoalds, Diehl and Fitch, 1967). 
If impaired muscle protein synthesis were the cause of NMD, there should 
be a decreased incorporation of amino acids into muscle proteins in the 
vitamin E-selenium deficient animals when compared with supplemented 
animals. Diehl (1966) reported, however, that vitamin E deficiency 
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caused over a two-fold increase in incorporation of glycine-l-^^C into 
rabbit diaphragm tissue. Since glycine is involved in numerous metabolic 
pathways, Diehl (1966a) also measured the uptake of non-metabolizable 
a -aminoisobutyric acid (AIB) by diaphragm tissue. His results showed 
that diaphragms of vitamin E deficient rabbits contained an average of 
92% more AIB-^^C than control animals. In a later study Diehl (1966b) 
confirmed the AIB results and reported that vitamin E deficiency did not 
affect the uptake of thiourea and D-ribose by isolated rabbit diaphragms. 
He concluded that vitamin E deficiency specifically affects the transport 
of AIB-l^C into the muscle cells and that the transport of AIB-^^C into 
the cells cannot be attributed to a non-specific deterioration of mem­
branes such as might result from lipid peroxidation. 
Tallan (1955) reported that in the severely dystrophic rabbit there 
is a general increase in the concentration of free amino acids in muscle 
tissue, involving all those found in protein with the exception of gly­
cine and basic amino acids. Smith and Nelson (1957) showed that muscle 
and heart tissue of vitamin E deficient rabbits had a general increase 
in concentrations of free amino acids with the exception of taurine and 
glycine. Smith and Nelson (1957) did not study the uptake of the basic 
amino acids by the rabbit tissue. They explained the decreased glycine 
level on the basis that glycine may act as the main source of the formyl 
fragment for the synthesis of the purine ring. 
Besides increased accumulation of amino acids by the dystrophic 
muscle, there is evidence to indicate regeneration of the muscle tissue. 
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The increased number of nuclei (West and Mason, 1958; Hartley and 
Grant, 1961), increased concentration of ribonucleic and deoxyribonucleic 
acids, and increased nucleic acid turnover rate (Young and Dinning, 1951)in 
muscles from deficient animals indicates regeneration of dystrophic tissue. 
If there is an increased regeneration, the muscle tissues would require 
an increase in protein syntheses which in turn would cause an increased 
uptake of amino acids. 
Until the last few years, yitamin E and selenium deficiencies in 
swine have been considered primarily of academic interest in the United 
States. This is indicated by the following statement in the Nutrient 
Requirements of Swine, National Research Council (1969). "It is unlikely 
that practical swine diets would be deficient in vitamin E unless the 
diet contained excessive amounts of highly unsaturated fatty acids or 
oxidized fats; therefore, a supplement source is not needed." Natural 
deficiencies now occurring in Indiana and Michigan have caused the nu­
tritionists and veterinarians to realize that these deficiencies are a 
problem to the swine industry. Because of insufficient research, it is 
currently impossible to explain why vitamin E-sèl.enium deficiencies are 
presently occurring in the United States. The following are possibili­
ties as to why vitamin E-selenium deficiencies are being encountered. 
There are several known deficient areas in the United States. These 
areas are the Northwest, Northeast, Southwest and certain areas in the 
Midwest. Muth and Allaway (1963) have reported forage crops grown on 
these soils are deficient in selenium. Patrias and Olson (1969) have 
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recently reported the selenium concentrations found In corn samples 
collected from 11 Midwestern states. The selenium values ranged from a 
low of 0.01 ppm to a high of 2.03 ppm. Seven of the eleven states had 
some samples with 0.03 ppm or less. Nutrient deficiencies are not limited 
by state or regional borders, therefore It Is possible for selenium de» 
flclencles to occur anywhere there Is sandy and acid soil (Patrlas, 
1969). I 
Apart from the Influence of area and type of soil on the selenium 
content of feeds, methods of harvest and storage of feeds may also have 
Important effects. There are Indications that heating grain to lower 
the moisture level can reduce the vitamin E and selenium activity of the 
grain. Swahn and Thafvelln (1962) reported the drying of grain reduced 
the a-tocopherol content from 2.36 mg. to 0.48 mg./lOO gm. They also 
reported that a similar reduction of tocopherol takes place if ground 
grain is stored for long periods of time. Tanhuanpaa (1965) reported 
that the total tocopherol content of barley was reduced from 47.2 mg. to 
19.8 mg.Ag.of dry substance by heating. There may also be a loss of 
selenium as a consequence of drying and storage of grain. Moxon and Rhlan 
(1938) reported that the storage of barley, corn and wheat resulted in a 4 
to 73% loss in selenium over a period of 3 to 5 years. It would seem 
likely that these losses would occur or be increased by artificial dry­
ing. Swahn and Thafvelln (1962) reported that pigs fed normal grain 
that was artificially dried by heating developed vitamin E-selenlum de­
ficiencies. The effect of heating during pelleting on vitamin E and 
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selenium activity is unknown. It would seem likely that the conditions 
of pelleting would be favorable for vitamin E and selenium losses. 
Very little is known about the availability of vitamin E and seleni­
um in feeds. Most of the vitamin E values reported for feeds consider 
total tocopherol content. However, of the eight known naturally oc­
curring tocopherols, only three have significant biological activity, 
of which the most important is a-tocopherol. There is much to be 
learned about selenium availability in feedstuffs. The possibility 
that dystrophogenic foods contain factors which interfere with the 
utilization of selenium by animals has been considered (Rosenféld and 
Death, 1964). Use of elemental sulfur as a fertilizer was reported to 
cause severe losses from this disease in lambs and calves (Muth ^  £l., 
1959). Experimental data in sheep (Schubert et al., 1961; Hintz and 
Hogue, 1964) show that addition of Na2S0^ to the dystrophogenic 
maternal diet increases the incidence of muscular dystrophy in lambs. 
Thus diets containing marginal levels of selenium may cause deficiency. 
Another possible reason for the occurrence of vitamin E and selenium 
deficiencies may be the change in the management of swine. Sews are now 
being fed less total feed during gestation (a decrease from approximately 
3 kg. of feed daily during gestation to approximately 1.5 kg.). Pasture 
and dehydrated alfalfa meal are being used less in swine rations. Both 
are good sources of tocopherol. Animals are being bred to grow faster 
with less feed and better carcass quality. The fast growing animals 
may have a higher requirement for vitamin E and selenium as NMD fre­
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quently occurs In the fastest growing animals. The rearing of animals 
in confinement under crowded conditions may place an added stress on the 
pigs resulting in a higher requirement for these micronutrients. 
The preceding are some possibilities as to why vitamin E-selenium 
deficiencies are currently occurring in the United States. There may be 
others. The possibilities discussed indicate the need to study the 
value in supplementing vitamin E and selenium to presently recommended 
swine rations. 
Other factors that may be involved in vitamin E-selenium deficiencies 
are polyunsaturated fat, sulfur amino acids, iron injections and synthetic 
antioxidants. The dystrophogenic property of polyunsaturated fatty acids 
has been demonstrated experimentally by a number of workers (Obel, 1953; 
Lannek et al., 1961; Lindberg and Orstadius, 1961; Orstadius, Nordstrom 
and Lannek, 1963; Tanhuanpaa, 1965). Nutritional muscular dystrophy 
can be produced experimentally in pigs by feeding grain that has been 
associated with natural outbreaks (Thafvelin, 1960; Lannek et al., 1960). 
Thafvelin (1960) believed that the fats of the grains were the cause of 
the deficiencies. Oats and barley are the main grains fed to pigs in 
Sweden. Lindberg et a^. (1964) have reported barley dry matter contains 
2.3-2.8% total fatty acids and 1.5-1.7% polyunsaturated fatty acids. 
Corresponding figures for ripe oats were 5.8-7.2% and 2.5-3.1%. Swahn 
and Thafvelin (1962) showed that in grain which had induced NMD, the 
fat was unstable under oxidizing conditions. Thafvelin (1960) has also 
shown that in grain causing NMD, the vitamin E content was reduced. 
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Oksanen (1967) believes that the changes in fatty acid composition, fat 
quality and vitamin E content of. grain influence the occurrence of NMD 
in pigs and that a low selenium concentration is a prerequisite for a 
spontaneous occurrence of NMD. Tanhuanpaa (1965) believes that the poly­
unsaturated fatty acids, fat quality and vitamin E content of the cereal 
grains are of no great importance to the cause of NMD in pigs. He be­
lieves that the NMD occurring in pigs in Sweden is caused by a selenium 
deficiency. 
Sulfur amino acids may also influence the need for vitamin E and 
selenium. Obel (1953) reported that liver dystrophy (LD) is prevented 
by sulfur-containing amino acids. The experiments of Obel's and those 
that followed that reported a protective effect from sulfur amino acids 
were questioned since commercial L-cystine was usually contaminated by 
selenium. Schwarz (1965) using sulfur amino acids free of selenium con­
tamination, however, showed that sulfur amino acids delayed the onset of 
dietary necrotic liver degeneration in the rat. He believed this effect 
was mediated by a sparing action of sulfur amino acids on the requirement 
for vitamin E. Reid et al. (1968) reported that liver damage in pigs 
was partially prevented by methionine and that selenium contamination 
was not a significant factor in the protective action of methionine. 
The iron hypersensitivity syndrome in piglets may be produced ex­
perimentally by feeding sows a vitamin E deficient diet during pregnancy 
and lactation (Lannek, Lindberg and Tollerz, 1962). The LD50 of iron 
preparations was reported to be greatly lowered in vitamin E deficient 
baby pigs. The resistance to iron toxicity may be restored by the 
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administration of a-tocopherol (Lannek, Lindberg and Tollerz, 1962) and 
synthetic antioxidants (Tollerz and Lannek, 1964) and selenium (Arpi and Tollerz, 
1965). Hill (1963) reported that Santoquin, a synthetic antioxidant, pro­
tected the tissues of the pig from increased thiobarbituric acid values 
and from increased hemolysis which are usually associated with low 
vitamin E status. 
Although it is well known that vitamin E and selenium are widely 
i 
distributed in nature and that deficiencies cause a variety of symptoms 
in the pig, their exact function at the molecular level in biological 
processes is not understood. Different hypotheses concerning the etiology 
of vitamin E and selenium deficiencies are centered around the theories 
of Tappel (1965) and Schwarz (1965). Tappel (1965) advocates a common 
antioxidant effect for vitamin E and selenium in maintaining the cells 
of the body. He hypothesizes that when animals and birds are fed diets 
low in vitamin E and selenium, peroxidation occurs in all cytoplasmic 
components, particularly lysomal membranes with subsequent release of 
damaging hydrolytic enzymes. These hydrolytic enzymes hydrolyze the 
cell's protein, nucleic acids and polysaccharides. The requirement for 
vitamin E and selenium is in part determined by the animal's consumption 
of polyunsaturated fatty acids. The greater the intake of polyun­
saturated fatty acids the greater would be the requirement for vitamin E 
and selenium. Green et al. (1967), however, insist that while the 
tocopherol requirement is related to the intake of polyunsaturated fatty 
acids, their data clearly indicate that tocopherol does not function only 
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as a lipid antioxidant vivo. In addition, if the only role for vitamin 
E and selenium is to serve as antioxidants then synthetic antioxidants 
should prevent all vitamin E and selenium deficiency symptoms. This, 
however, is not the case. 
A different view is proposed by Schwarz (19 65) who considers that 
selenium and vitamin E act as essential cofactors at specific sites in 
the pathway of intermediary metabolism, independent of any antioxidant 
effect. He and his coworkers do not dispute that vitamin E acts as a 
physiological antioxidant. Schwarz (1965) believes that vitamin E, 
selenium and sulfur amino acids are involved in the enzyme system that 
joins the carboxylic acid cycle to the cytochromei^chain. He believes 
that the functional site of vitamin E is in the lipoyl dehydrogenase 
step. The functional site of selenium is in the decarboxylation of 
a-ketoglutarate and the sulfur amino acids affect the overall rate of 
the enzyme reaction. According to Schwarz's (1965) theory, tissue de­
generation would occur when the overall rate of the enzyme reaction falls 
to a critical rate. This critical rate would be reached when one or more 
of the nutrients becomes deficient. 
Another concept was reported by Desai and Scott (1965). They traced 
the activities of tritiated tocopherols and selenium^^ in serum and in 
various fractions of serum proteins in chicks receiving these nutrients 
alone or in combination. Their studies indicated that vitamin E and 
selenium were present in highest concentration in the serum globulin 
fraction. They concluded that one biological role of selenium appears 
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to lie in a selenium containing compound that acts as a carrier o£ 
vitamin E. This compound they believe may function in absorption, re­
tention, prevention of destruction and transfer across cell membranes 
of d-a tocopherol. This selenium containing compound may enhance the 
biological activity of vitamin E in the blood and perhaps in the cells 
throughout the body. 
Scott (1969) reported that tissue uptake of oral doses of dl - o, 
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tocopherol 3,4^^0 or the corresponding acetate in chicks receiving a 
purified amino acid diet was low. In chicks receiving the same diet 
with added selenium, the blood and tissue uptake of tocopherol was as 
much as 100 times greater than the chicks fed the selenium deficient 
diets. Scott (1969) concluded that his results demonstrated that selenium 
is an essential trace element for the chick and that one of its metabolic 
functions concerns the absorption or efficiency of utilization of 
vitamin B. 
16 
SECTION I 
PERFORMANCE AND DEFICIENCY SYMPTOMS OF YOUNG PIGS FED 
DIETS LOW IN VITAMIN E AND SELENIUM 
17 
INTRODUCTION 
Recognition of naturally occurring and experimentally produced 
vitamin E (tocopherol) and selenium responsive diseases has stimulated 
much research with poultry and laboratory animals. Sdhdegarrd (1967), 
in reviewing these results, concluded that selenium is an essential ele­
ment whose function is closely related to that of vitamin E. The exact 
biological mechanism underlying the interrelationship between vitamin E 
and selenium is still unknown. Riker and Wedam (1963) have reported 
that selenium and tocopherol administered together may be more effective 
in treating nutritional muscular dystrophy in sheep and cattle than is 
either alone. Scott (1965) reported similar results in treating nutri­
tional muscular dystrophy in chicks. 
In pigs, selenium was shown by Pellegrini (1958) and Lannek et al. 
(1960) to prevent nutritional muscular dystrophy and by Eggert et al. 
(1957) and Grant and Thafvelin (1958) to prevent liver necrosis. Grant 
and Thafvelin (1958) found no protection against muscular dystrophy. 
Orstadius, Nordstrom and Lannek (1963) demonstrated a synergistic effect 
of selenium and tocopherol against muscular dystrophy in pigs. 
An experiment was designed to study the effects of tocopherol and 
selenium alone or in combination, and of vitamin E and selenium deficiency, 
on weight gains, feed/gain and deficiency symptoms of the young pig. 
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EXPERIMENTAL PROCEDURE 
Sixty-four 2- to 3-week-old cross bred pigs averaging 5 kg. were 
used in the experiment. There were four replications of 16 gilts that 
were blocked into two weight groups afid allotted at random to eight 
dietary treatments with the restriction that litter mates could not ap­
pear on the same dietary treatment. All animals were reared in confine­
ment on concrete floors with the temperature of the house maintained at 
approximately 18°C. Pigs were group-fed and there were two pigs per pen. 
Wood shavings were used for bedding after the initial week of the ex­
periment. The vitamin E and selenium deficient diets shown in table 1.1 
consisted of Torula yeast (Diet I) or Promosoy (Diet II), glucose mono-
hydrate, vitamins, minerals, methionine and cod liver oil. 
The four treatments for each of the basal diets were combinations 
of 0 and 136 I.U. vitamin E (dl-a-tocopherol acetate), and 0 and 0.5 ppm 
selenium (selenite) added to the basal diets. The experiment was con­
ducted for 448 days and the data for the first 56 and 84 days are pre­
sented in this section. Performance during the remainder of the experi­
ment will be reported in subsequent sections of this thesis. 
Samples of skeletal muscle, cardiac muscle, liver, pancreas, kidney, 
spleen, aorta, tongue, esophagus, stomach, small intestine, large in­
testine and skin were collected from each animal that died during the 
course of the experiment. These tissues were fixed in 10% buffered 
formalin, sectioned at 6 jnu and stained with hematoxylin and eosin as 
described in the Armed Forces Manual of Histologic and Special Staining 
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Technics (1960). 
The first 8 weeks of data were analyzed by analysis of variance for 
a randomized block experiment with fixed treatments (Steel and Torrie, 
1960). Data from the pigs fed diets low in vitamin E and selenium from 
9 to 12 weeks are presented but are not included in the statistical analysis 
because of the nWber of pigs that died during this period. The data 
from 9 to 12 weeks were analyzed by orthogonal individual degree of freedom 
comparisons as outlined by Steel and Torrie (1960). 
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RESULTS AND DISCUSSION 
The performance data are shown in table 1.2. The analysis of these 
results showed that adding selenium or tocopherol alone, or both to the 
basal diet did not affect growth rate. These results agree with those 
of Bggert ^  (1957), Pellegrini (1958) and Thomke, Dahl and Persson 
(1965) who reported that adding selenium or tocopherol alone, or both, 
had no significant-effect on growth rate or feed conversion. Pellegrini 
(1958) observed that growth was retarded or stopped only when large 
pathological changes caused a decrease in feed consumption. The supple­
mentation of either Diet I or Diet II with selenium or tocopherol alone, 
or both had no significant effect on feed efficiency. Pigs fed the 
Torula yeast diets (Diet I) gained significantly (P<;.01) faster than 
the pigs fed the purified soybean protein diets (Diet II). An improved 
feed efficiency, though not significant, was also observed for the pigs 
fed the Torula yeast diets. 
Four of 16 pigs died during the first 56-day period when fed the 
control diets. No pigs fed the control Torula yeast diet survived the 
84-day experimental period, whereas five of eight pigs fed the control 
purified soybean protein diet survived the 84-day period. The incidence 
of death was highest between the 50th and 75th days. These findings 
closely agree with those of Obel (1953). The average number of survival 
days was 62 for the control Diet I group as compared with 71 days for 
the control Diet II group. The fewer deaths and longer survival time 
may have been due to the slightly higher selenium level of the Diet II 
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(0.06 ppm vs. 0.04 ppm). 
Six o£ the 11 pigs fed the control diets died suddenly showing no 
outward signs of ill health. They had gained normally until death. 
The remaining five pigs showed reduced growth rate and swelling of the 
legs and jowl. The necropsy of these five pigs showed an edema in the 
subcutaneous tissues of the legs, ham and jowl, and fluid accumulations 
in the abdominal and:thoracic cavities. 
Obel (1953) gave the name "hepatosis diaetetica" to a noninfectious 
fatal disease with no ante-mortem weight loss or malaise that occurred 
in Sweden and Northern European countries. Animals that appeared normal, 
became sluggish, comatose and died within a few hours. Hove and Seibold 
(1955) reported similar results for pigs fed a vitamin E-deficient semi-
purified diet. 
All pigs that died showed hemorrhagic necrosis of the liver com­
parable to hepatosis diaetetica acuta described by Obel (1953). On gross 
examination, the affected livers showed a mottled, mosaic-like pattern 
of severely damaged and hemorrhagic lobules alternating with normal 
greyish-brown lobules. The dorsal parts of the liver around the exit of 
the hepatic vein appeared more severely affected than the ventral and 
peripheral areas of the liver. The more severely affected livers also 
had increased perilobular connective tissue and were very firm. Other 
deficiency symptoms that occurred were subcutaneous icterus, edema and 
pale skeletal and cardiac muscles. Distinct areas of gross myocardial 
degeneration were not observed. The paleness of cardiac muscle without 
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definite lesions was also observed by Pellegrini (1958) and Dodd and 
Newling (1960). Hartley and Grant (1961) reported that, in 50% of the 
field observations of hepatosis diaetetica in New Zealand, the heart 
showed multiple minute white longitudinal streaks scattered throughout 
the myocardium. 
Within the groups fed control diets, two of the 11 pigs that died 
were observed to have stomach ulcers in the cardiac region, and two ad­
ditional pigs showed erosions of the gastric mucosa of the same area. 
The submucosa underlying the esophagogastric ulcers was characterized 
by thrombosis of many of the blood vessels. In a few instances, fungal 
elements could be seen in the homogenous pink staining material which 
was the ulcer surface. No evidence of stomach ulcers was found in pigs 
fed diets supplemented with tocopherol, selenium or both. Obel (1953) 
observed stomach ulcers in 22% of pigs fed semi-purified diets low in 
vitamin E and selenium. Pellegrini (1958) reported stomach ulcers in 
animals fed a similar diet. 
Necropsy of the pigs fed supplemental vitamin E or selenium or both 
that died revealed anemia and lesions typical of those of vibrionic 
dysentery. Vibrio organisms were detected by dark field examination of 
intestinal tissues. No other gross lesions were noted and death appeared 
to result from infection and not from the dietary treatments. 
The most prominent histologic lesions observed in this study oc­
curred in liver and skeletal muscle tissues of pigs fed no supplemental 
selenium or vitamin E in the diet. A patchy distribution of hepatic 
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lobular necrosis resembling a mosaic pattern was observed since the 
affected lobules were surrounded by essentially normal appearing hepatic 
parenchyma. The changes in the liver varied from acute, with a neutro­
philic cellular response in and around the cellular necrosis, to chronic, 
with excessive connective tissue infiltration in the interlobular areas 
of the liver. Also, in the chronic cases, a moderate to marked bile 
duct proliferation was noted. These changes agree essentially with the 
results obtained by Obel (1953) in her study of hepatosis diaetetica. 
Hyaline degeneration was observed in skeletal muscles of 66% of the pigs 
fed diets low in selenium and vitamin E. Muscle bundles were swollen, 
with a loss of striations, and had a very homogeneous bright pink stain­
ing quality. In areas where considerable necrosis of the muscle tissue 
had taken place infiltration by mononuclear cells occurred. Hyaline de­
generation in the cardiac musculature of these pigs was mild in compari­
son to that in the skeletal muscles and occurred in only 30% of the ani­
mals fed diets low in selenium and vitamin E. 
With respect to a comparison of protein groups (Diet I vs. Diet II), 
no essential differences were noted in types or severity of lesions. 
The histopathology of the pigs that died in treatment groups fed diets 
supplemented with vitamin E and selenium showed no organ or tissue 
changes. 
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SUMMARY 
An experiment was conducted to study effects of feeding your^ pigs 
diets low in vitamin E and selenium supplemented with d-a>tocopherol or 
selenium alone, or both. The performance data showed that the supple­
mentation of selenium or tocopherol or both to the semipurified diets 
had, no significant effect on growth rate. Fifty-four percent of the 
pigs fed diets deficient in both vitamin E and selenium died before 
14 weaks of age. Necropsy of these pigs showed hepatic necrosis, ic­
terus, generalized edema, anemia, pale areas in skeletal and cardiac 
musculature, and a yellowish-brown discoloration of body fat. Prominent 
histologic lesions occurred in the liver and skeletal muscle tissues of 
pigs fed no supplemental selenium or tocopherol. Supplementing the diet 
with trace amounts of selenium, tocopherol or both reduced the mortality 
to 7%. Necropsy and histologic examination of the tissues from the pigs 
fed supplemented diets showed that no organ or tissue changes had 
occurred. 
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TABLE 1.1. EXPERIMENTAL DIETS 
Item Diet I Diet II 
% Protein^ 22.0 16.0 22.0 16.0 
Torula yeast^ 44.0 32.0 — — 
Promosoy^ 
— --
33.7 24.5 
Glucose monohydrate 47.2 59.6 56.7 66.3 
Cod liver oil^ 5.0 5.0 5.0 5.0 
DL-methionine 0.5 0.1 0.5 0.1 
Vitamin premix® 0.2 0,2 0.2 0.2 
Mineral premix^ 3.1 3.1 3.9 3.9 
100.0 100.0 100.0 100.0 
^The 22% protein diet was fed from 2 to 10 weeks of age and the 16% 
protein diet from 11 to 14 weeks of age. 
bpeed grade Xorula yeast, type B, Lakes States Yeast and Chemical 
Division, Rhinelander Paper Company, Rhinelander. Wisconsin. 
^Promosoy, soy protein concentrate, Ghemurgy Division of Central 
Soya Company, Chicago, Illinois. 
^Fortified cod liver oil, supplying 1500 I.U. vitamin A and 300 I.U. 
vitamin D2 per gm. New England By-Products Corp., Winchester, Massa­
chusetts . 
®The vitamin premix provided the following per kg. of each diet: 
vitamin A, 8000 I.U.; vitamin D2, 852 I.U.; vitamin Bi2j 30 meg; menadione, 
10 mg. In addition to the above, the following were added per kg. of 
diet II: thiamine, 5 mg.; riboflavin, 13 mg.; niacin, 88 mg.; pyridoxine, 
5 mg.; pantothenic acid, 52 mg.; choline, 1100 mg. 
The mineral premixes contained the following in percent for diet I 
and II respectively: CaHP04-2ll20, 27.58, 72.72; CaCOg, 54.31, 7.58; 
CUSO4, 0.04, 0.08; FeSOin 0.17, 0.91; KI, 0.00, 0.04; MgO, 0.00, 2.01; 
MnO, 0.13, 0.16; ZnO, 0.21, 0.19; NajMoO^, 0.01, 0.01; C0CI2, 0.03, 0.02; 
and Nad, 17.50, 16.28. 
/ 
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TABLE 1.2. EFFECT OF VITAMIN E AND SELENIUM ON GROWTH PERFORMANCE 
Experimental period 
Supplement 
56 days 84 days 
Av. daily* Av. sur- Av. daily Av. sur­
gain Feed/ vival gain Feed/ vival 
Diet (kg./day) gain (days) (kg./day) gain (days) 
None I 
II 
0.23 
0.17 
2.32 55 (5)b 
2.65 51 (7) 
0.44 2.59 62 (0) 
0.40 3.03 71 (5) 
Vitamin E, 
136 I.U./kg. 
I 0.27 2.34 52 (7) 0.35 
II 0.24 2.51 56 (8) 0.32 
2.71 77 (7) 
2.36 81 (7) 
Selenium, 
0.5 ppm 
I 0.30 2.01 56 (8) 0.37 
II 0.22 2.39 56 (7) 0.27 
2.35 84 (8) 
2.62 78 (6) 
Vitamin E 
plus selenium 
II 
0.27 2.50 56 (8) 0.36 
0.18 2.58 52 (6) 0.28 
2.52 84 (8) 
2.54 74 (6) 
Coefficient 
of variation^ 27.5 21.3 17.4 11.4 
®Pigs fed diet I gained significantly (P<.01) faster than pigs 
fed diet II. 
'Values in parenthesis indicate total number of pigs finishing 
experimental period. 
The coefficient of variability is defined as the square root of 
the variance due to replication X treatment interaction expressed as a 
percentage of the over-all mean. 
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SECTION II 
EFFECT OF VITAMIN E AND SELENIUM ON BLOOD COMPOSITION OF 
THE YOUNG PIG 
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INTRODUCTION 
Nutritional muscular dystrophy (NMD) can be produced experimentally 
in pigs by feeding vitamin E, selenium-deficient diets containing marine 
or vegetable oils (Orstadius, Nordstrom and Lannek, 1963). Ludvigsen 
(1953), Dodd and Newling (1960), and Hartley and Grant (1961) have re­
ported naturally occurring cases of swine NMD. Obel (1953) described 
the morphology of a naturally occurring condition of liver dystrophy, 
which she designated "hepatosis diaetetica". Michel, Whitehair and 
Keahey (1969) reported the outbreak of dietary hepatic necrosis in seven 
swine herds in Michigan. NMD and hepatosis diaetetica can be experi­
mentally induced and may occur simultaneously in the pig. 
The clinical symptoms in NMD are variable (Oksanen, 1967). If the 
symptoms of NMD and hepatosis diaetetica are subclinical, the diseases 
may have to be diagnosed histopathologically or by chemical changes in the 
blood. Glutamic-oxalacetic transaminase (SCOT) and glutamic-pyruvic 
transaminase (S6PT) increase in serum of pigs affected with NMD and hepa­
tosis diaetetica (Orstadius 1959). The increase in serum enzymes 
has been interpreted to indicate a release of the enzymes from damaged 
tissue into the blood stream. In lambs affected with NMD, Blincoe and 
Dye (1958) concluded that the increase in S60T was proportional to the 
extent of the muscle damage. Agress (1959) reported no increase in SCOT 
activity in humans in any disease unless there was a concomitant acute 
damage to tissues. 
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Lactic dehydrogenase (LDH) may also be useful in diagnosing NMD 
in swine. Blincoe and Marble (1960) and Paulson et al. (1968) have re­
ported that elevated serum LDH activity is a sensitive indicator o£ sub­
clinical NMD in lambs. The present study was designed to study the ef­
fect of supplemental vitamin E and selenium on various constituents in 
the blood of young pigs fed diets low in vitamin E and selenium. 
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EXPERIMENTAL PROCEDURE 
The experimental design, management, diets, treatments and statistical 
analysis were described in detail in the first section. 
Two blood samples were collected weekly from the orbital sinus of all 
pigs by the procedure of Riley (1960). One blood sample was allowed to 
coagulate and then centrifuged for 10 min. at 1000 x g. The serum was 
decanted and centrifuged again for 15 min. at 1500 x g. The serum ob­
tained from these samples were analyzed for SCOT (Sigma Chemical Co., 
1958), LDH (Amador, Dorfman and Wacker, 1963), potassium, sodium and urea.-
Automated analyses were used for sodium, potassium and urea. Potassium 
and sodium were determined by flame photometry of the dialyzate of serum 
after dilution with lithium nitrate (Technicon Corporation, 1965). The 
urea nitrogen procedure used was a modification of the carbamido-diacetyl 
reaction (Marsh, Fingerhut and Miller, 1965). The, method is based on the 
direct reaction of urea and diacetyl monoxime (2, 3-butanedione-2-oxime) 
in the presence of the thiosemicarbazide under acid conditions. 
Heparin was added as an anticoagulant to the second blood sample. 
Sodium fluoride was added to the samples immediately after the collection to 
inhibit glycolysis. The blood was analyzed for glucose by a procedure 
utilizing potassium ferricyanide, potassium ferrocynaide oxidation-
reduction reaction. This method is a modification of the procedure pro­
posed by Hoffman (1937). The determination of hemoglobin (Hainline, 1958) 
is based on the oxidation of hemoglobin to methemoglobin by potassium 
cyanide. 
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RESULTS AND DISCUSSION 
Summaries of the enzyme analyses are presented in tables 2.1 and 
2.2. The pigs fed diets low in vitamin E and selenium showed increased 
activity of serum enzymes 4 to 5 weeks after the start of the experiment. 
LDH reached maximum activity between the seventh and eighth week of the 
experiment; SGOT reached a peak during the 10th week. The SGOT activi­
ties are in close agreement with those reported by Lannek ^  (1960). 
Pigs fed diets low in vitamin E and selenium had greater SGOT and LEU 
activities than pigs fed same diets low in vitamin B and selenium in an 
experiment reported by Ewan and Wastell (1970). This greater activity 
was probably the result of the increased length of time that the pigs were 
fed diets low in vitamin E and selenium. 
Pigs fed the unsupplemented Torula yeast diets had greater SGOT and 
LDH activities than pigs fed the unsupplemented Promosoy diets. This 
difference in activity may be due to the lower selenium level of the 
Torula yeast diet (0.04 0.06 ppm). 
The activity of the enzymes for pigs fed diets supplemented with 
vitamin E alone remained essentially the same as the enzyme activities of 
pigs fed both vitamin E and selenium. The addition of 0.5 ppm selenium 
to the diets prevented an increase in SGOT but not in LDH. Lannek et al. 
(1960) reported that SGOT and SGPT did not increase when a dystrogenic 
diet was supplemented with 50 mg. dl-a-tocopherol acetate or 0.2 mg. 
sodium selenite per kg. diet. The LDH activity for pigs fed selenium 
alone increased at 5 to 6 weeks after the initiation of each experiment. 
32 
This increased enzyme activity was approximately double the enzyme ac­
tivity of pigs fed supplemental E alone or in combination with selenium 
by the eighth week of the experimental period. This increased LDH ac­
tivity suggests that there had been tissue damage in the pigs fed diets 
supplemented with selenium alone. Elevated serum LDH activity is a 
sensitive indicator of subclinical NMD in lambs (Blincoe and Marble, 
1960; Paulson et al.^ 1968). Grant and Thafvelin (1958) and Swahn 
and Thafvelin (1962) reported that, even though the degree of muscle 
degeneration was somewhat less among pigs fed selenite, the lesions could 
not be completely suppressed. Pellegrini (1958) observed muscle de­
generation in pigs fed a Torula yeast diet but did not find tissue changes 
in pigs fed the same diet supplemented with a-tocopherol or sodium 
selenite. Lannek et al. (1960) has reported that pigs fed selenite do 
not develop muscle degeneration and that selenite has a therapeutic ef­
fect. The difference in results between those of Pellegrini (1958) and 
Lannek et al. (1960), and those reported by Swahn and Thafvelin (1962) 
and in this study may depend upon the age of the animals, differences in 
types of feed and the criteria used in evaluating tissue changes. 
Pigs fed Promosoy diets supplemented with selenium alone had greater 
LDH activity than pigs fed the Torula yeast diets supplemented with 
selenium alone. The level of selenium in the diets does not seem a 
logical explanation for this difference in the serum enzyme activity since 
the Promosoy diet contained more selenium than did the Torula yeast diet. 
This difference in serum enzyme activity between pigs fed the two diets 
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may have been because some constituent(s) of the .Promosoy diet af­
fected the utilization of the dietary selenium or the formation or sta­
bility of an active form of selenium. It is also conceivable that the 
concentration of arginine, isoleucine and (or) lysine (the three amino 
acids that differ between the two diets by approximately 0.5% of the pro­
tein) might alter the selenium metabolism of the pig. These hypotheses 
may be plausible, but they lack direct experimental support. 
The addition of 0.5 ppm selenium to the diet of pigs receiving 136 
Ï.U. vitamin E did not decrease LDH and SGOT activity as compared with the 
pigs fed diets supplemented with vitamin E alone. The level of enzyme 
activity of the pigs fed supplemental vitamin E alone or in combination 
with selenium compare favorably with those reported in the literature. 
Wretlind; Orstadius and Lindberg (1959) examined the plasma activity of 
SGOT in normal pigs and found a mean of 28 Î 15 units of SGOT. Lannek 
et al. (1960) reported the normal upper limits of SGOT as 59 units of 
activity in serum from pigs weighing 20 to 80 kg. Unpublished data^ 
from this station has shown 14 and 252 units of SGOT and LDH for 9- to 
12-month-old healthy gilts fed a corn-soybean meal diet. 
The serum potassium and sodium values are summarized in tables 2.3 
and 2.4. The values found in this experiment are similar to those re­
ported by Ullrey et (1967) for normal pigs. The addition of vitamin 
E to the diets significantly decreased serum potassium to the eighth week of 
^Ruiz, M. 1969. Experiment 6816. Project number 1511. Iowa Ag­
riculture Experiment Station. Ames. 
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the experiment but had no effect thereafter. In contrast to its effect 
on potassium, vitamin E had no effect on serum sodium levels. The sup­
plementation of selenium alone or in combination with vitamin E had no 
effect on serum potassium or sodium. Ludvigsen (1953) reported that pigs 
with NMD had a rise in serum potassium concentrations from 4.1-5.1 meq./l. 
to 6.0-7.2 meq./l. After death the reported potassium concentration in 
the serum was 12.8-15.3 meq./l. With the rise in potassium, there was 
a simultaneous decrease in serum sodium from a range of 174-239 meq./l. 
to a range of 130-157 meq./l. Ludvigsen (1953) suggested that these 
electrolyte changes may cause shock which is the actual cause of death 
for animals with NMD. The difference in the results of Ludvigsen (1953) 
and those reported in our study may be due to the time of sampling pre­
ceding death of the animals. In our study blood samples were collected 
at weekly intervals whereas Ludvigsen (1953) may have collected blood 
just before death. In our study blood was collected from three pigs fed 
diets low in vitamin E and selenium 2 to 4 hours before death. One pig 
had a serum potassium concentration of 19 meq./l., and the other two had 
concentrations of 12 meq./l. The serum sodium level was normal. The 
elevated serum potassium may be due to the release of potassium from the 
damaged tissues into the serum of animals with NMD. Bacigalupo and Luecke 
(1954), Blaxter and Wood (1952) and Schubert ^  (1961) have reported 
increases in muscle sodium and decreases in muscle potassium of dystrophic 
ruminants. Excess potassium in the extracellular fluids causes the heart 
to become dilated and flaccid and decreases the heart rate. An elevation 
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of potassium concentration in humans to 8 to 15 meq./l. (two to three 
times the normal value) will usually cause death (Guyton, 1966). Coulter 
(1969) reported heart blockage in the pig when plasma potassium concentra­
tion reached 9.2 meq./l. 
The summaries of serum urea nitrogen, blood glucose and hemoglobin 
values are found in tables 2.5, 2.6 and 2.7. Addition of vitamin E and 
selenium alone or in combination had no significant effect on urea 
nitrogen, hemoglobin or blood glucose while the source of protein had 
a significant effect. Pigs fed Promosoy diets had significantly higher 
serum urea nitrogen (10 to 13 mg. urea nitrogen per 100 ml.) than 
pigs fed the Torula yeast diets.. Pigs fed the unsupplemented Torula 
yeast diet had greater urea nitrogen than pigs fed the Promosoy diet after 
the initial 6 weeks of the experiment. The high serum enzyme activities, 
and the pathological and histological data (Section I) showed that 
there was a high incidence of tissue necrosis in these pigs fed unsupple­
mented diets. The increased urea nitrogen may have been because of an 
increased protein degradation in the damaged tissue. Pigs fed the Promo­
soy diet may have had higher serum urea values than those fed the Torula 
diet because they utilized the protein source inefficiently. The growth 
and feed efficiency data previously reported (Section I) showed that pigs 
fed Promosoy diets had decreased (P<.01) growth and were slightly less 
efficient than pigs fed the Torula yeast diets. The urea nitrogen values 
reported here agree with those reported by Hays et (1957), Kornegay 
^ (1964) and Kornegay et al. (1965) in normal pigs. 
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The blood glucose data showed that during the first 7 weeks of the 
experiment, the pigs fed Torula yeast diets had significantly higher 
glucose values than did pigs fed the Promosoy diets. The difference in 
glucose values between the two diets varied between treatments and weeks. 
The levels of glucose for all treatments significantly decreased with 
time. 
Blood glucose determinations of miniature pigs fed purified diets 
averaged 68 mg./lOO ml. of whole blood (Hill, 1966), which is in close 
agreement with the ninth and 11th week values of this study. Bengtsson 
et al. (1969) reported 98 and 109 mg. of glucose/100 ml. of whole blood 
for 5 and 9 week old pigs fed à grain mixture of mainly oats and barley. 
Pigs fed Promosoy diets had significantly lower hemoglobin values 
than did pigs fed Torula yeast diets. This difference in hemoglobin 
values was noticeable 1 week after the initiation of the experiment and 
continued during the experimental period. The hemoglobin of the pigs fed 
the Torula yeast diet low in vitamin E and selenium was quite low at the 
11th week of the experiment. The decrease in hemoglobin values after 
the first week is in agreement with the change observed by Miller et al. 
(1961). 
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SUMMARY 
An experiment was conducted to study the effect of supplementing 
diets with vitamin B and selenium. Pigs fed the dystrogenic diets had 
elevated SCOT and LDH activities indicating that these enzymes may be of 
value in diagnosing NMD. The supplementation of selenium to the dystro­
genic diets prevented an increase in SGOT. Supplemental selenium de-
i 
creased, but did not completely suppress, the elevation of LDH activity. 
The activity of the serum enzymes of pigs fed diets supplemented with 
vitamin E alone remained essentially the same as the enzyme activities 
in the blood of pigs fed both vitamin E and selenium. The addition of 
vitamin E to the dystrogenic diets significantly decreased serum potassium 
the first 6 weeks of the experimental period. Selenium alone or in com­
bination had no significant effect on serum sodium, urea nitrogen, hemo­
globin or blood glucoseo 
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TABLE 2.1. THE EFFECT OF SELENIUM AND VITAMIN E ON SERUM GLUTAMIC-
OXALACETIC TEtANSAMINASE* 
Weeks of experiment 
Supplement Diet 2 4 6b 8& 10 12d 
None I 24 128 222 521(5)® 1115(2) 
II 14 24 71 147(7) 224(5) 164 
Vitamin E, I 20 26 27 32(7) 30 46 
136 I.U./kg. II 16 27 18 22 16(7) 14 
Selenium, I 29 36 35 41 35 38 
0.5 ppm II 20 24 32 35(7) 28(6) 26 
Vitamin E I 24 38 30 32 26 20 
plus selenium II 32 23 26(6) 47 17 12 
®Units of transaminase activity are defined as that amount of 
enzyme per milliliter of serum that will cause a decrease in optical 
density of 340 mu. of 0.001 unit per minute at 25°C, and per centi­
meter light path under the conditions of the assay. This is equivalent 
to the formation of 4.82 % lO^^juM of oxalacetic acid (or pyruvic 
acid) per minute. 
^"Die vitamin E, Se and vitamin E x Se effects significant (P<.05). 
®The diet, vitamin E, Se, diet x vitamin E, diet x Se, vitamin E x Se, 
and diet x vitamin E x Se effects significant (P<.01). 
'^The diet effect significant (Pw&.05). Within diet I, the vitamin 
E and Se effects vs. vitamin E plus Se effect significant (P«6.05). 
®Values in parentheses indicate the number of pigs contributing to 
value when less than eight. All following numbers within a row are the 
same as the number in parentheses unless indicated otherwise. 
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TABLE 2.2. THE EFFECT OF SELENIUM AND VITAMIN E ON SERUM LACTIC 
DEHYDROGENASE^ 
Weeks of experiment 
Supplement Diet 2 4 6G 8C lOd 12e 
None I 32 9f 671 1472 2382 2250 _ _ _  
II 284 416 947 1706 1752 1435 
Vitamin E, I 310 395 333 265 237 217 
136 I.U./kg. II 298 361 366 263 238 261 
Selenium, I 384 408 424 534 567 534 
0.5 ppm II 314 401 687 829 990 722 
Vitamin E I 295 390 277 260 212 196 
plus selenium II 342 393 366 287 235 218 
^Units of dehydrogenase activity are defined as that amount of 
enzyme per milliliter of serum that will cause an increase in optical 
density at 340 nm. of 0.001 unit per minute at 25°C, and per centimeter 
light path under the conditions of the assay. 
^The vitamin E, Se, and vitamin E x Se effects significant (P<.01) 
and diet x Se effect significant (P<1.05). 
°The vitamin E, Se, and vitamin E % Se effects significant (P<.01) 
and diet x vitamin E x Se effects significant (P<..05). 
^Within diet II, Se effect significant (P <.01). 
®Within diet II, Se effect significant (P<.05). 
The number of pigs contributing to each value is the same as SCOT 
data in table 2.1. 
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TABLE 2.3. THE EFFECT OF SELENIUM AND VITAMIN E ON SERUM POTASSIUM 
Weeks of experiment 
Supplement Diet 2a 4b 6® 8 10 12 
None I 5.5C,d 5.1 5.4 5.9 6.1 6.1 
II 5.7 5.8 5.6 5.6 5.5 5.2 
Vitamin E, I 4.8 5.0 5.1 5.6 5.5 5.8 
136 I.U./kg. II 5.0 5.3 5.1 5.8 5.9 5.5 
Selenium l' 5.9 5.4 5i5 5.4 5.7 5.3 
0.5 ppm II 5.2 5.5 5.7 5.6 5.8 5.7 
Vitamin E I 5.2 5.2 5.0 5.4 5.4 5.4 
plus selenium II 5.3 5.4 5.4 5.6 5.3 5.6 
^Vitamin E effect significant (P<.01). 
^Vitamin E effect significant (P<o05)« 
®Meq./I. 
^The number of pigs contributing to each value is the same as SGOT 
data in table 2.1. 
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TABLE 2.4. THE EFFECT OF SELENIUM AND VITAMIN E ON SERUM SODIUM 
Weeks of experiment 
Supplement Diet 2 4 6 8 10 12 
None I 14981b 147 146 145 150 148 
II 147 146 148 149 148 141 
Vitamin E, I i 150 147 146 154 151 146 
136 I.U./kg. II 146 147 150 145 149 142 
Selenium, I 151 149 148 148 152 145 
0.5 ppm II 152 150 147 152 148 144 
Vitamin E I 150 148 147 151 154 145 
plus selenium II 153 145 144 147 149 143 
*Meq./l. 
^The number of pigs contributing to each value is the same as the 
SCOT data in table 2.1. 
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TABLE 2.5. THE EFFECT OF SELENIUM AND VITAMIN E ON SERUM UREA NITROGEN 
Weeks of experiment 
Supplement Diet 2^ 4® 6^ 8 10 12 
None I 13b,c 10 15 33 34 37 
II 26 21 21 ^  22 18 27 
Vitamin E, I 11 10 12 15 15 13 
136 I.U./kg. II 21 19 21 27 28 26 
Selenium, I 15 9 14 14 12 12 
0.5 ppm II 25 21 23 23 23 22 
Vitamin E I 12 9 13 13 11 12 
plus selenium II 24 20 21 23 21 22 
^Significant (P-<C.01) diet effect, 
^Mg./lOO ml. 
*^The number of pigs contributing to each value is the same as the 
SCOT data in table 2.1. 
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TABLE 2.6. THE EFFECT OF SELENIUM AND VITAMIN E ON BLOOD GLUCOSE 
Weeks of experiment 
Supplement Diet 1 3 5 7 9 11 
None I 100* 88 75 76 63(3)b 82(2) 
II 87 81 85 69(7) 65(7) 72(5) 
Vitamin E, I i 95 88 86 93 66(7) 60 
136 I.U.Ag. II 90 90 80 79 66(7) 72 
Selenium, I 93 89 84 100 73 69 
0.5 ppm II 85 83 83 75 78(7) 81(6) 
Vitamin E I 83 85 89 74 74 72 
plus selenium II 82 85 80(7) 74(6) 65 83 
*Mg./100 ml. 
Walues in parentheses indicate the numbers of pigs contributing to 
value when less than eight. All following numbers within a row are the 
same as the number in parentheses unless indicated otherwise. 
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TABLE 2.7. THE EFFECT OF SELENIUM AND VITAMIN E ON HEMOGLOBIN 
Weeks of experiment 
Supplement Diet* 1 3 5 7 9 11 
None i 10.2^'^ 8.7 8.2 7.7 9.0 4.9 
11 9.8 7.8 7.6 6.6 6.5 6.3 
Vitamin E, I 10.1 8.8 8.8 9.0 9.7 9.7 
136 I.U.Ag. II 9.4 7.5 7.3 6.8 7.5 7.3 
Selenium I 10.2 8.8 8.5 8.4 8.9 8.9 
0.5 ppm II 10.5 8.3 7.4 7.1 7.3 6.7 
Vitamin B I 11.0 8.9 8.5 8.6 9.2 9.7 
plus selenium II 10.4 7.9 7.8 7.8 8.0 7.9 
^Significant (P<.01) diet effect. 
^Gm/lOO ml. 
^The number of pigs contributing to each value is the same as the 
glucose data in table 2.6. 
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SECTION III 
VITAMIN E AND SELENIUM FOR GROWING - FINISHING PIGS 
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INTRODUCTION 
Recent field cases of vitamin E and selenium deficiencies in swine 
have been reported by Michel, Whitehair and Keahey (1969). Heretofore, 
deficiencies were thought to occur only under experimentally produced 
conditions. Ludvigsen (1953), Dodd and Newling (1960), and Hartley and 
Grant (1961) had previously reported cases of selenium-vitamin E de­
ficiencies in Northern Europe and New Zealand. Intensive cropping, in 
combination with early harvesting and grain drying, may have increased 
the possibilities for these deficiencies to occur, especially in selenium 
deficient areas. Although vitamin E-selenium deficiencies primarily af­
fect the young growing pig, there is evidence (Hartley and Grant, 1961) 
that deficiencies also occur in the growing-finishing pig and the sow. 
The present study was designed to study the effects of supplemental 
vitamin E and selenium on weight gain, feed efficiency, deficiency 
symptoms, and several blood components of growing-finishing pigs fed 
low vitamin E-selenium diets. 
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EXPERIMENTAL PROCEDURE 
The experimental design, management and treatments were described 
in detail in Section I. Four replications of 16 gilts.were 
blocked into two weight groups and each block was allotted at random to 
eight dietary treatments. Data from 0 to 12 weeks have been presented 
(Sections I and II) and from 12 to 32 weeks will be presented in this sec­
tion . After 14 weeks on experiment there were 45 pigs alive on seven 
dietary treatments. The number of surviving pigs in each treatment 
group is listed in tables 3.2 and 3.3. All pigs fed the low vitamin E 
and selenium, Torula yeast diets and four pigs fed the low vitamin E 
and selenium, purified soybean protein (Promosoy) diets had died. The 
basal diets fed during the growing-finishing period are shown in table 
3.1. Each of the basal diets was supplemented with 136 vitamin E/kg., 
0.5 ppm selenium (selenite) or both. In addition a low vitamin E and 
selenium, Promosoy diet was fed to four pigs. 
Two blood samples were collected every other week from 14th to 20th 
week of the experiment and monthly thereafter from the orbital sinus of 
each pig by the procedure of Riley (1960). The serum obtained from one 
sample was analyzed for SCOT, 1J)H, potassium, sodium chloride and urea 
nitrogen. The other sample as whole blood was analyzed for glucose and 
hemoglobin. All analytical procedures, except for chloride, were de­
scribed in Section II. The serum was analyzed for chloride by an auto­
mated photometric procedure adapted from the method of Zall, Fisher and 
Garner (1956). 
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At 34 weeks of age the lightest pig of each replicated treatment 
group (if available) was electrocuted, exsanguinated and samples of 
skeletal muscle, cardiac muscle, liver, pancreas, kidney spleen, aorta, 
tongue, esophagus, stomach, small intestine, large intestine and skin 
were collected from each animal. These tissues were fixed in 10% buffered 
formalin, sectioned at 6 np. and stained with hematoxylin and eosin as 
described in the Armed Forces Manual of Histologic and Special Staining 
1 
Technics (1960). 
The data were analyzed by least squares analysis (Harvey, 1960) 
and orthogonal individual degree of freedom comparisons were made as 
outlined by Steel and Torrie (1960). The interaction between replica, 
tion and dietary treatment was used as the experimental error through­
out. Data from three pigs fed the low-vitamin E-selenium Promosoy diet 
are presented, but are not included in the statistical analysis. One 
pig fed the low vitamin E-selenium diet died at 20 weeks of age and is 
not included in the performance summary. 
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RESULTS AND DISCUSSION 
The performance data of the pigs from 14 to 34 weeks of age are 
shown in table 3.2. The results show that pigs fed the Torula yeast 
diet supplemented with both vitamin E and selenium gained significantly 
(P<.05) faster than pigs fed the Torula yeast diet supplemented with 
vitamin E or selenium alone. This treatment effect was not consistent 
for both diets as the pigs fed the Promosoy diets supplemented with 
vitamin E or selenium alone gained essentially the same as pigs fed 
the Promosoy diets supplemented with both vitamin E and selenium. 
During the first 12 weeks of the experiment the supplementation of both 
vitamin E and selenium to either the Torula yeast or Promosoy diets did 
not significantly increase growth rate over those pigs fed vitamin E 
or selenium alone (Section I). Eggert et al. (1957), Pellegrini (1958), 
and Thomke, Dahl and Persson (1965) reported that adding selenium or 
tocopherol alone or in combination to diets had no significant effect on 
growth rate or feed efficiency. The pigs fed the low vitamin E and 
selenium, Promosoy diets gained as well as the pigs fed vitamin E and 
selenium alone or in combination. Pellegrini (1958) reported that growth 
was retarded or stopped only when large pathological changes caused a 
decrease in feed consumption. Pigs fed the Torula yeast diet supplemented 
with both vitamin E and selenium were more efficient (though not sig­
nificantly) in feed utilization than pigs fed diets supplemented with 
vitamin E or selenium alone. The pigs fed the Promosoy diets supplemented 
with vitamin E or selenium alone were as efficient as the pigs fed the 
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Promosoy diets supplemented with both. Pigs fed the Promosoy diets 
(Diet II) gained significantly (P <,.05) faster than pigs fed the Torula 
yeast diets. These results are not in agreement with the results of the 
first 12 weeks of the experiment, since the pigs fed the Torula yeast 
diets gained significantly (P<.01) faster than the pigs fed the Promosoy 
diets (Section I). There was no significant difference in feed effi­
ciency between the two diets. 
Summaries of the serum enzyme analyses are presented in tables 3.3 
and 3.4., Pigs fed diets low in vitamin B and selenium had higher serum 
enzyme activity from 12 to 24 weeks of the experiment than pigs fed 
supplemented diets. The increase in enzyme activity suggests that there 
was tissue damage in the pigs fed the diets low in vitamin E and 
selenium. Elevated serum enzyme activity is a sensitive indicator of 
sub-clinical NMD in lambs (Blincoe and Marble, 1960; Paulson et al., 
1968) and in pigs (Section II). The enzyme activities for pigs fed 
diets supplemented with vitamin E alone were essentially the same as 
the enzyme activities of pigs fed diets supplemented with both vitamin 
E and selenium. The pigs fed diets supplemented with selenium alone 
had significantly (P<.05) higher LDH activity for the eiqierimental 
period and SCOT activity on the 14th and 24th week of the experiment. 
The effects of vitamin E and selenium on enzyme activities during the 
growing-finishing period are similar to those observed in the young 
pig (Section II). Grant and Thafvelin (1958), and Swahn and Thafvelin 
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(1962) reported that selenium decreased the amount of muscle degenera­
tion but did not completely suppress muscle lesions. Pellegrini (1958) 
and Lannek et al. (1960) did not find skeletal muscle lesions when pigs 
were fed selenite. The difference in results between those of Pellegrini 
(1958) and Lannek ^  e^. (1960) and the results reported by Grant and 
Thafvelin (1958), Swahn and Thafvelin (1962) and the results of our 
study may be due to the differences in age of animals, type of feed, 
and criteria used in evaluating tissue changes. Pigs fed the Torula 
yeast diets had greater SGOT activity (P<.05) for the 20th, 28th and 
32nd week) than pigs fed the Promosoy diets. The differences in ac­
tivity may have been due to the lower selenium level of the Torula yeast 
diet (0.04 0.06 ppm). Young pigs fed low vitamin E and selenium 
Torula yeast diets had greater SGOT and LDH activities than pigs fed 
low vitamin E and selenium Promosoy diets (Section II). The level of 
SGOT activity of pigs fed supplemental vitamin E alone or in combination 
with selenium compare favorably with those reported by Wretlind, Orstadius 
and Lindberg (1959) and Lannek et (1960), 
The serum potassium, sodium and chloride results are summarized in 
tables 3.5, 3.6 and 3.7. The values found in this experiment are similar 
to those reported by Ullrey et al. (1967) and those for the young pig 
(Section III). The addition of vitamin E and selenium alone or in com­
bination to the low vitamin E and selenium' diets had no effect on the 
serum potassium, sodium or chloride concentration. The addition of 
vitamin E to low vitamin E and selenium diets significantly (P <,.05) de­
creased serum potassium in young pi^but had no effect on serum sodium 
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(Section II). 
The summaries of serum urea nitrogen, blood glucose and hemoglobin 
values are in tables 3.8, 3.9 and 3.10. The addition o£ vitamin E and 
selenium alone or in combination had no significant effect on serum urea 
nitrogen, blood glucose and hemoglobin. These results are in agreement 
with those reported for the young pig (section II). The source of pro­
tein had a significant effect on urea nitrogen and hemoglobin but not 
on blood glucose. Pigs fed Promosoy diets had significantly (P<.01) 
higher urea nitrogen and lower hemoglobin than pigs fed Torula yeast 
diets. These results are consistent with those reported for the young 
pig (Section II). The reason for the protein effect is not clear at 
this time. The urea nitrogen, blood glucose and hemoglobin values found 
in this study are similar to those reported for swine (Hays et al., 
1957; Hill, 1966; Miller ^  , 1961). 
Gross and histological examination of the tissues from the pigs 
killed at 34 weeks was conducted. Pigs fed the Torula yeast diet sup­
plemented with selenium alone had edema, liver fibrosis, hyallnlzation 
of skeletal muscles and a yellowish-brown discoloration of body fat and 
tissues. The body fat was soft. Microscopic examination of the fat 
tissue revealed the presence of yellow globules In many of the fat cells. 
These globules were, in many Instances, in an amorphous matrix of greenish-
brown color. Numerous macrophages were found scattered throughout the 
fat tissue, and often the macrophages had engulfed the amorphous material 
and yellow globules. These changes in the body fat were also described 
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by Davis and Gorham (1954). The fragmented skeletal muscle fibers had 
a wavy appearance and showed an increase in the sarcolemma nuclei. The 
skeletal muscle lesions observed in these gilts were not as extensive as 
those reported for the young pig fed low vitamin E and selenium diets 
(Section I). Interstitial fibrosis was observed in the liver of the 
pigs fed Torula yeast diets supplemented with selenium alone. However, 
the amount of fibrous tissue was not in excess of amounts considered 
I 
within normal limits for mature swine. The livers from these pigs showed 
no evidence of the extensive hepatic necrosis and scarring that was ob­
served in young pigs fed low vitamin E and selenium diets (Section I). 
Pigs fed the Torula yeast diets supplemented with both vitamin E 
and selenium showed some liver fibrosis, hyalinization of skeletal 
muscle fibers and degenerative heart myofibrils. These findings are not 
consistent with the observations of the tissues of pigs fed the Torula 
yeast diet supplemented with vitamin E alone or the pigs fed Promosoy 
diets supplemented with vitamin E alone or in combination with selenium. 
No abnormal tissue changes were found in pigs fed the Torula yeast diet 
supplemented with vitamin E alone or in the pigs fed the Promosoy diets 
supplemented with vitamin E and selenium alone or in combination. 
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SUMMARY 
An experiment was conducted to study the effects of feeding growing-
finishing pigs low vitamin E and selenium diets supplemented with dl a-
tocopherol or selenium or both. The performance data showed that pigs 
fed a Torula yeast diet supplemented with both vitamin E and selenium 
gained significantly faster than pigs fed a Torula yeast diet supple­
mented with vitamin >£ or selenium alone. When a Promosoy diet was fed 
supplemental vitamin E and selenium alone or in combination had no 
effect on gain. However, pigs fed the Promosoy diets gained faster 
than pigs fed the Torula yeast diet. The supplementation of vitamin E 
and Selenium alone or in combination or the type of diet fed had no ef­
fect on feed efficiency. Pigs fed the low vitamin E and selenium diets 
had elevated SCOT and LDH activities. Supplementing the diets with 
selenium decreased but did not completely suppress the elevation of 
SGOT and LDH. The enzyme activities of pigs fed supplemental vitamin E 
alone were essentially the same as those pigs fed both vitamin E and 
selenium. Pigs fed the Torula yeast diets had higher SGOT activity than 
pigs fed the Promosoy diets. The addition of vitamin E and selenium 
alone or in combination had no significant effect on serum potassium, 
sodium, chloride, urea nitrogen, blood glucose or hemoglobin. Pigs fed 
Promosoy diets had significantly higher serum urea nitrogen and lower 
hemoglobin than pigs fed Torula yeast diets. Pigs fed the Torula yeast 
diets supplemented with selenium alone had edema, liver fibrosis, hy-
alinization of skeletal muscles and a yellowish-brown discoloration of 
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body fat and tissues. Pigs fed the Torula yeast diets supplemented with 
both vitamin E and selenium showed some liver fibrosis, hyalinized skeletal 
muscle fibers and degenerative heart myofibrils. No tissue changes 
were observed in pigs fed a Torula yeast diet supplemented with vitamin 
E alone or in pigs fed the Promosoy diets supplemented with vitamin E 
and selenium alone or in combination. 
56 
TABLE 3.1. COMPOSITION OF BASAL DIETS 
Diet I Diet II 
Item Protein, 16.0 13.0 16.0 13.0 
Torula yeast^ 32.0 26.0 — — — — 
Promosoyc 
— — — — — — — — 
24.5 19.8 
Dextrose 59.6 65.7 66.3 71.8 
Cod liver oil^ 5.0 5.0 5.0 5.0 
DL-Methionine 0.1 0.1 0.1 0.1 
Vitamin premix® 0.2 0.2 0.2 0.2 
Mineral premix^ 3.1 3.0 3.9 3.1 
100.0 100.0 100.0 100.0 
^The 16% protein diet was fed until pigs reached approximately 
50 kg. The 13% protein diet was fed thereafter. 
bpeed grade Torula yeast, type B, Lakes States Yeast and Chemical 
Division, Rhinelander Paper Company, Rhinelander, Wisconsin. 
^Promosoy, soy protein concentrate, Chemurgy Division of Central 
Soya Company, Chicago, Illinois. 
^Fortified cod liver oil, supplying 1500 I.U. vitamin A and 300 
I.U. vitamin D2 per gm. New England By-Products Corp., Winchester, 
Massachusetts. 
®The vitamin premix provided the following per kg. of each diet: 
vitamin A, 8000 I.U.; vitamin D2, 852 I.U.; vitamin B12» 30 meg.; 
menadione, 10 mg. In addition to the above, the following were added 
per kg. of diet II: thiamine, 5 mg.; riboflavin, 13 mg.; niacin, 88 
mg.; pyridoxine, 5 mg.; pantothenic acid, 52 mg.; choline, 1100 mg. 
f 
The mineral premixes contained the following in percent for diet I 
and II respectively: CaHPO^'ZH^O, 27.58, 72.72; CaCOg, 54.31, 7.58; 
CUSO4, 0.04, 0.08; FeS04, 0.17, 0.91; KI, 0.00, 0.04; MgO, 0.00, 2.01; 
MnO, 0.13, 0.16; ZnO, 0.21, 0.19; NagMoO^, 0.01, 0.01; C0CI2, 0.03, 0.02; 
and NaCl, 17.50, 16.28. 
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TABLE 3.2. THE EFFECT OF SELENIUM AND VITAMIN E ON GAIN AND FEED 
EFFICIENCY 
No. of Av. daily Feed 
Supplement Diet pigs gain&)b Gain 
Kg./day 
None I — — — — 
II 3 0.51 3.90 
Vitamin E, I 7 0.41 4.34 
136 I.U./kg. II 6 0.56 3.45 
Selenium, I 8 0.41 3.92 
0.5 ppm II 6 0.50 3.41 
Vitamin E plus I 8 0.51 3.48 
selenium II 6 0.52 3.66 
*Pigs fed diet II gained significantly (P< .05) faster than pigs 
fed diet I. 
''pigs fed diet I supplemented with both E and Se gained significant­
ly (P<é05) faster than pigs»fed diet I supplemented with E or Se alone. 
58 
TABLE 3.3. THE EFFECT OF SELENIUM AND VITAMIN E ON SERUM GLUTAMIC 
OXALACETIC TRANSAMINASE 
Weeks of experiment 
Supplement Diet 14 16 18 20a 24 28® 32» 
None I mtmrn 
II 87^(3)2 248 50 37 27 13 17 
Vitamin E, I 21(7) 26 22 21 16 16 18 
136 I.U./kg. II 14(6) 14 10 11 13 11 13 
Selenium, I^ 44(8) 38 42 34 55 25 28 
0.5 ppm II 27(6) 27 20 22 13 11 9 
Vitamin E I 22(8) 19 16 19 22 13 16 
plus selenium II 15(6) 14 10 12 12 8 12 
^Means of diet I differ significantly (P<..05) from means of diet II. 
^Jnits of transaminase activity are defined as that amount of enzyme 
per milliliter of serum that will cause a decrease in optical density at 
340 mu of 0.001 unit per minute at 25°C, and per centimeter light path 
under the conditions of the assay. This is equivalent to the formation 
of 4.82 X 10"^ ^ m of oxalacetic acid (or pyruvic acid) per minute. 
Values in parentheses indicate the number of pigs contributing to 
value. All following numbers within a row are the same as the number 
in parentheses unless indicated otherwise. 
Within weeks 14 and 24, values were significantly (P<.05) greater 
when selenium was supplemented alone. 
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TABLE 3.4. THE EFFECT OF SELENIUM AND VITAMIN E ON SERUM LACTIC 
DEHYDROGENASE 
Weeks of experiment 
Supplement Diet 14 16 18 20 24 28 32 
None I 
II 1093a 646 836 505 307 138 212 
Vitamin E, I 203 273 171 189 133 135 115 
136 I.U.Ag. II 211 196 183 159 162 127 155 
Selenium, lb 493 483 398 340 314 211 232 
0.5 ppm 11^ 745 718 516 447 230 112 166 
Vitamin E plus I 186 208 174 149 150 142 115 
selenium II 202 225 186 185 136 122 148 
®Units of dehydrogenase activity are defined as that amount of 
enzyme per milliliter of serum that will cause an increase in optical 
density at 340 mu. of 0.001 unit per minute at 25°G, and per centimeter 
light path under the conditions of the assay. 
^Within weeks, LDH values were significantly (P^.05) greater when 
selenium was supplemented alone. 
S/ithin weeks 14, 16, 18 or 20, LDH values were significantly 
(P <.05) greater when selenium was supplemented alone. 
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TABLE 3.5. THE EFFECT OF SELENIUM AND VITAMIN E ON SERUM POTASSIUM 
Weeks of experiment 
Supplement Diet 14 16 18 20 24 28 32 
None 1 
II 6.1* 6.5 6.0 6.4 6.0 6.0 4.6 
Vitamin E, 
136 I.U.Ag. 
I 
II 
6.9 
6.2 
7.1 
6.2 
6.3 
6.3 
6.7 
6.2 
5.8 
5.6 
6.0 
5.8 
4.8 
4.6 
Selenium, 
0.5 ppm 
I 
II 
6.2 
6.4 
6.5 
6.4 
6.2 
6.1 
6.2 
6.0 
5.8 
5.7 
5.7 
5.9 
4,9 
4.9 
Vitamin E 
plus selenium 
I 
II 
6.3 
6.4 
6.2 
6.2 
6.5 
6.2 
6.3 
6.1 
6.1 
6.2 
5.8 
6.2 
4.6 
4.7 
*Meq./l. 
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TABLE 3.6. THE EFFECT OF SELENIUM AND VITAMIN E ON SERUM SODIUM 
Weeks o£ experiment 
Supplement Diet 14 16 18 20 24 28 32 
None I 
II 147* 150 147 148 142 145 148 
Vitamin E, I 152 148 146 144 141 145 141 
136 I.U./kg. II 149 148 142 140 143 146 146 
Selenium, I 150 149 144 144 142 143 145 
0.5 ppm II 151 146 146 143 141 145 143 
Vitamin E I 146 147 146 145 138 146 •144 
plus selenium II 151 146 145 142 143 144 141 
^eq./l. 
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TABLE 3.7. THE EFFECT OF SELENIUM AND VITAMIN E ON SERUM CHLORIDE 
Weeks of experiment 
Supplement Diet 14 16 18 20 24 28 32 
None I 
II 95a 99 . 98 97 95 94 92 
Vitamin E, I 100 98 97 97 95 97 91 
136 I.U.Ag. II 98 98 96 95 95 97 91 
Selenium, I 99 100 97 98 95 96 93 
0.5 ppm II 97 98 97 96 93 96 91 
Vitamin E I 97 98 98 98 94 95 92 
plus selenium II 98 97 97 96 94 95 88 
®Meq./l. 
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TABLE 3.8. THE EFFECT OF SELENIUM AND VITAMIN E ON SERUM UREA NITROGEN 
Weeks of experiment^ 
Supplement Diet 14 16 18 20 24 28 32 
None I V, 
.. _ _  _ _  _ _  
II 16 14 17 14 17 18 16 
Vitamin E, I 10 9 9 8 8 10 10 
136 I.U./kg. II 17 17 16 16 12 18 18 
Selenium, I 12 10 13 9 9 9 12 
0.5 ppm II 16 17 14 16 14 15 16 
Vitamin E I 10 11 10 11 10 9 12 
plus selenium II 18 16 17 16 13 13 13 
^Means of diet I differ significantly (P^.Ol) from means of 
diet II. 
bMg./lOO ml. 
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TABLE 3.9. THE EFFECT OF SELENIUM AND VITAMIN E ON BLOOD GLUCOSE 
Weeks of experiment 
Supplement Diet 14 16 18 20 24 28 32 
None I _ _  
II 86^ 78 80 63 60 54 51 
Vitamin E, I • 75 69 65 61 58 73 61 
136 I.U./kg. II 76 63 67 . 60 62 54 59 
Selenium, I 71 61 58 52 54 63 51 
0.5 ppm II 78 80 61 67 63 57 54 
Vitamin E I 76 61 53 55 62 54 51 
plus selenium II 81 76 70 62 59 50 46 
^Hg./lOO ml. of whole blood. 
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TABLE 3.10. THE EFFECT OF SELENIUM AND VITAMIN E ON HEMOGLOBIN 
Weeks of experiment 
Supplement Diet 14* 16b 18*) 20b 24 28 32® 
None 1 _ _ _  _ _ _  _ _ _  
II 7.2C 7.4 8.0 9.9 10.8 11.9 11.1 
Vitamin E, 1 10.4 10.3 10.7 11.1 10.8 13.0 12.2 
136 I.U./kg. II 7.6 7.4 7.8 9.4 10.1 11.5 10,7 
Selenium, I 9.9 9.0 9.9 11.0 11.6 12.6 12.6 
0.5 ppm II 6.6 6.2 7.9 9.0 8.6 11.6 11.5 
Vitamin E I 10.9 10.0 10.6 12.1 11.4 13.1 12.7 
plus selenium II 7.4 7.0 7.9 9.8 11.7 12.0 12.4 
a. Means of diet I significantly (P<.05) different than means of 
diet II. 
Means of diet I significantly (P-C.Ol) different than means of 
diet II. 
'^Gm./lOO ml. 
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SECTION IV 
EFFECT OF VITAMIN E AND SELENIUM ON REPRODUCTIVE PERFORMANCE AND 
BLOOD COMPOSITION OF THE GILT 
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INTRODUCTION 
Natural deficiencies of vitamin E and selenium now occurring in 
swine (Michel, Whitehair and Keahey, 1969; Ullrey, 1969) have caused 
nutritionists and veterinarians to realize a problem exists. When 
vitamin E was shown to be essential for normal reproduction of small 
laboratory animals, investigations were carried out with large animals 
to determine whether supplementary tocopherols were required under prac­
tical conditions (Aubel, Hughes and Lienhardt, 1932; Bay and Vogt-Moller, 
1934; Hanson and Hathaway, 1949). These authors were unable to show a 
significant increase in the number of pigs farrowed or weaned when 
vAieat-germoil or a-tocopherol was supplemented to the diets. Bay and 
Vogt-Moller (1934) advised wheat-germ therapy as a method of preventing 
and curing sterility in sows. Carpenter and Lundberg (1949) reported 
that swine experiments up to 1949 had shown that tocopherols were not 
a limiting dietary factor under field conditions. To date the National 
Research Council (1969) has stated that practical swine diets are not 
likely to be deficient in vitamin E unless the diet contains excessive 
amounts of highly unsaturated fatty acids or oxidized fats. Because of 
the results reported by Aubel, Hughes and Lienhardt (1932), Bay and 
Vogt-Moller (1934) and Hanson and Hathaway (1949) and since tocopherols 
are present in all cereal grains, little research has been done to de­
termine the role of vitamin E and selenium in reproduction of swine. 
In view of the small amount of available information on the effects of 
vitamin E and selenium on the reproduction of swine, an experiment was 
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conducted to study the effects of vitamin E and selenium on blood com­
position, tissue pathology and reproductive performance. 
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EXPERIMENTAL PROCEDURE 
Data from 0 to 12 weeks (Sections I and II) and from 12 to 32 weeks 
(Section III) have been reported. Data from 32 to 64 weeks will be 
presented in this paper. 
Twenty-seven 34-week-old gilts involving four replications of 
seven treatments were individually penned in houses with concrete floors. 
Each gilt was fed 1J8 kg. of feed daily until farrowing and after farrow­
ing was full hand fed twice daily. The low vitamin E and selenium diets 
are shown in table 4.1. Each of the basal diets was supplemented with 
136 I.U. vitamin E/kg., 0.5 ppin selenium (selenite) or both. In addi­
tion to the above six treatments, three gilts were fed a low vitamin E 
and selenium purified soybean protein (Promosoy) diet with no supple­
mentation. All gilts had been fed their respective diets from 2 weeks 
of age. 
1\fo blood samples were collected monthly from the orbital sinus of 
all pigs by the procedure of Riley (1960), The serum obtained from one 
sample was analyzed for SCOT, LDH, potassium, sodium, chloride and urea 
nitrogen. The whole blood was analyzed for glucose and hemoglobin. All 
methods of analysis have been described in Sections I and II. 
The gilts were hand mated beginning at 9 months of age, using a 
boar that had been fed a normal diet. Gilts that did not conceive fol­
lowing the exposure to the boar for three estrous cycles and all sows 
approximately 8 weeks after farrowing were exposed to COg and exsan­
guinated. Samples of skeletal muscle, cardiac muscle, liver and kidney 
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were collected from each gilt that did not mate or conceive and from the 
baby pigs that were born dead or died before weaning. In addition, 
samples of external fat, esophagus, stomach, small intestine and large 
intestine were collected from the gilts that did not nate or conceive. 
These tissues were fixed and prepared for histological examination as 
previously described in Section I« The reproductive tracts of the gilts 
that failed to conceive were examined to determine the cause of non-
pregnancy. 
The design of the experiment was a randomized block design with 
fixed treatment effects. The blood and serum data were analyzed by least 
squares analysis (Harvey, 1960) and orthogonal individual degree of 
freedom comparisons were made as outlined by Steel and Torrie (1960). 
The interaction between replication and dietary treatment was used as 
the experimental error throughout. Data from the three pigs fed the low 
vitamin E and selenium Promosoy diet are presented but are not included 
in the statistical analysis. 
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RESULTS AND DISCUSSION ^ 
Summaries of the serum enzyme analyses are presented in Tables 
4.2 and 4.3. The data show that the addition of tocopherol, selenium 
or both reduced the SGOT and LM activities. The elevated serum enzyme 
activity of the gilts fed low vitamin E and selenium suggests that there 
was some tissue damage in these pigs. Elevated serum IDH activity is a 
sensitive indicator of subclinical NMD in lambs (Blincoe and Marble, 1960; 
Paulson et 1968) and in pigs (section II). The increased serum 
enzyme activity of the gilts fed low vitamin E and selenium diets was 
not as great as the increase that occurred during the sixth to 12th 
week in the young pig fed low vitamin E and selenium diets (Section II). 
This increased activity compares reasonably well with the increased 
enzyme activity that occurred during the growing-finishing period (Sec­
tion III). The activity of enzymes for pigs fed diets supplemented with 
vitamin E or selenium alone was essentially the same as the enzyme ac­
tivities of pigs fed diets supplemented with both vitamin E and selenium. 
The source of protein had no significant effect on the serum enzyme ac­
tivities. The enzyme values for the gilts fed supplemented diets com­
pare favorably with values for 9- to 12-month-old healthy gilts fed a 
corn-soybean meal diet.^ Wretlind, Orstadius and Lindberg (1959) re­
ported plasma SGOT activity in normal pigs as 28 * 15 units. 
„ The serum potassium and sodium values are summarized in tables 
4.4 and 4.5. The addition of vitamin E, selenium or both to the low 
^Ruiz, M. 1969. Experiment 6816. Project No. 1511. Iowa Agri­
culture Experiment Station. Ames* 
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vitamin E and selenium diets had no significant effect oh serum potas­
sium or sodium concentrations. The effects of vitamin E and selenium 
on serum potassium and sodium are in agreement with those reported for 
the growing-finishing pig (section III) but the effects on serum potas­
sium are not the same as those reported for the young pig (section II). 
In the young pig (2 to 6 weeks of age), pigs fed diets without supple­
mental vitamin E had significantly (P<C.05) higher serum potassium than 
pigs fed diets supplemented with vitamin E. 
The summaries of serum chloride, urea nitrogen, blood glucose and 
hemoglobin are found in tables 4,6, 4,7, 4.8 and 4.9, The supplementation of 
vitamin E and selenium alone or in combination to the lew vitamin E and 
selenium diets had no significant effect on the serum chloride, serum 
urea nitrogen, blood glucose and hemoglobin. These findings are con­
sistent with those found for the young pig (section II) and the growing-
finishing pig (section III). The source of protèin likewise had no sig­
nificant effect on any of the blood constituents. 
The reproductive performance is shown in table 4.10. Six of the 27 
gilts exposed to the boar failed to exhibit estrus. One gilt fed the 
Torula yeast diet supplemented with vitamin E and another gilt fed the 
Promosoy diet supplemented with selenium died. The remaining four gilts 
were killed after three estrous cycles following exposure to the boar. 
Necropsies were performed and the findings showed that the gilt fed the 
low vitamin E and selenium diet had perilobular fibrosis of the liver 
and white streaks on the endocardium. In addition, her ovaries and uterus 
were under-developed. The gilts fed supplemental vitamin E alone had 
abnormal reproductive organs. The ovaries were nonfollicular or cystic 
and the uterus either small or in part missing. Pale edematous skeletal 
muscle with Uyalinization and fragmenting of muscle fibers were ob­
served. The hind leg joints of one gilt had serosanguineous fluid and 
some degeneration of the cartilage. These findings indicate that vitamin 
E is required by the mature gilt. One gilt from each of the two diets 
supplemented with selenium alone had fibrosis around the portal vein in 
the area of the middle lobe of the liver. Histologically, however, no 
significant lesions were apparent. The ovaries in these gilts were 
small with few follicles present. The gilt fed the diet supplemented 
with both vitamin E and selenium had cystic ovaries and the lumen of the 
uterus was missing. There were no histological lesions found in the 
tissues of this gilt. 
The 22% incidence of reproductive abnormalities observed in the 
above six gilts is high compared to the 2% incidence reported in the sur­
vey of Perry and Pomeroy (1956). TWo explanations seem plausible. Since 
these abnormalities occurred in all treatments, the adequacy of the diet 
should be questioned. According to the NRG's 1969 Nutrient Requirements 
for Swine, however, the diets provided adequate amounts of all known re­
quired nutrients. The second possibility may be that both vitamin E and 
selenium are required for normal development of the reproductive tract 
as five of the six gilts were fed diets supplemented with either vitamin 
E or selenium. Adamstone, Krider, and James (1949), however, reported 
that the reproductive organs and ovulation of sows fed diets low in 
vitamin E were not affected. Adamstone, Krider and James (1949) begin 
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feeding their gilts when they weighed 32 kg. whereas in our study the 
gilts weighed 5 kg. This may suggest that adequate amounts of vitamin 
E and selenium during the early growth period are essential for the de­
velopment of normal female reproductive organs. 
There were four gilts that were bred but did not farrow. One gilt 
fed supplemental vitamin E and one gilt fed selenium alone were bred 
initially and then showed no signs of heat thereafter. Both gilts had 
difficulty in standing and walking. The other two gilts that were bred 
but did not farrow were fed diets supplemented with both vitamin E and 
selenium. One gilt exhibited a white mucus vaginal discharge from 100 
to 160 days after breeding. The other gilt was bred initially and then 
rebred four months later with no evidence of heat between the two matings. 
Compared to the values reported in the literature, the number of 
pigs farrowed were within the normal range but the number of pigs far­
rowed alive was reduced for all treatments. Hanson and Hathaway (1949, 
1950, 1951) reported that in three experiments sows farrowed 9.5, 6.5 and 
6.5 live pigs per litter when fed a low vitamin E diet and 7.7, 6.0 and 
8.5 live pigs per litter when the diet was supplemented with a-tocopherol. 
Pellegrini (1958) reported that two sows fed a Torula yeast diet sup­
plemented with 110 mg./kg. of a-tocopherol acetate farrowed an average 
of 5.5 live pigs and 2.5 dead pigs per litter. Gilts fed unsupplemented 
diets and diets supplemented with vitamin E alone farrowed more pigs 
than gilts fed diets supplemented with selenium. But gilts fed supple­
mental selenium farrowed more live pigs than gilts fed no supplemental 
selenium. Some pigs farrowed dead from all treatment groups showed 
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signs of reabsorption and decomposition. While some gilts from each 
main treatment group farrowed partially reabsorbed pigs, the number of 
reabsorbed pigs was higher for those gilts fed diets unsupplemented 
with selenium. Supplementing the diets with both vitamin E and selenium 
did not improve the percentage of live pigs born. Many of the live pigs 
born were small in size and weak at birth. Pellegrini (1958) also re­
ported that sows fed semipurified diets supplemented with vitamin 
E farrowed weak pigs. One possible explanation.for the increased 
incidence of partially reabsorbed pigs and the number of weak pigs 
farrowed by sows fed semipurified diets is that the diets did not 
supply adequate amounts of all required nutrients. Another possibility 
is that the amounts of supplemental vitamin E and selenium that were fed 
were not adequate for the development of normal pigs. A third possibility 
may be that the semipurified diets have some constituent(s) present that 
affect the availability of some nutrient(s) or that have an effect on 
the normal development of the fetus. Additional research is needed to 
evaluate these possibilities. 
The average number of pigs alive at one week of age was very poor 
for all treatment groups. In part, the small percentage alive at 1 
week was due to weak pigs at birth and the dams' insufficient supply of 
milk. The small milk supply may have been in part due to the dams'. 
poor appetites during lactation. The udders of most gilts were hard 
and feverish during and following parturition. Hanson and Hathaway 
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(1949, 1950), and Pellegrini (1958) reported sows fed semipurified diets 
supplemented with vitamin E had insufficient milk for their offspring. 
These same authors also reported that the dams had poor appetites during 
lactation. Adamstone, Krider and Jamés (1949) reported pigs from sows 
fed supplemental dl-a-tocopherol acetate were heavier and thriftier at 
weaning than pigs from sows fed a low vitamin E diet. In our experiment, 
there were more pigs alive at 1 week when supplemental selenium was fed 
than when the diets were supplemented with vitamin E alone. Supple­
menting the diets with both vitamin E and selenium failed to improve 
livability above the percentage for gilts fed supplemental selenium alone. 
All gilts were killed approximately 8 weeks after farrowing and tis­
sue samples collected. The most prominent tissue change was found in 
the fat tissue. The external carcass fat of gilts fed diets low in 
vitamin E including those fed supplemental selenium alone was a yellowish-
brown color. The microscopic changes of this fat have been described 
in detail by Davis and Gorham (1954). The yellowish-brown discoloration 
of the body fat was not observed in any of the gilts fed supplemental 
vitamin E alone or in combination with selenium. 
An increased extramedullary hematopoisis was present in baby pigs 
farrowed from gilts fed the lew vitamin E and selenium diet in compari­
son to baby pigs farrowed from gilts fed diets supplemented with vitamin 
E and selenium alone or both. In addition, there was extensive hydropic 
change in the hepatic cord cells of baby pigs farrowed from gilts fed the 
low vitamin E and selenium diet. This hydropic change was also observed 
in some pigs from gilts fed supplemented diets. Michel, Whitehair and 
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Keahey (1969) reported that hydropic degeneration of the hepatocytes 
was a common microscopic observation in experimental pigs fed low pro­
tein, vitamin E and selenium diets. They did not observe hydropic de­
generation of hepatocytes in livers of pigs fed 20% protein diets and 
suggested that the hydropic changes were associated with protein de­
ficiency. Adamstone, Krider and James (1949) reported that baby pigs 
farrowed from sows fed diets low in vitamin E showed considerable ac­
cumulation of fat but had no other abnormalities. In our experiment, 
hyalinization of the skeletal muscles and a cloudy swelling of the heart 
muscle fibers were observed only in pigs farrowed from gilts fed the low 
vitamin E and selenium diet. These muscle changes were not as severe as 
the muscle changes observed in the young pigs fed low vitamin E and 
selenium diets (section I). The results reported by Adamstone, Krider 
and James (1949) showed that there was variation in the degree of muscle 
fiber damage of pigs farrowed from sows fed low vitamin E diets that 
ranged from an increase in the number of nuclei and a shrinkage of in­
dividual fibers to extensive necrosis and degeneration of the muscle 
fiber. 
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SUMMARY 
An experiment was conducted to study the effects of vitamin E and 
selenium on blood composition, tissue pathology and reproductive per­
formance of gilts fed low vitamin E and selenium diets. The supple­
mentation of vitamin E and selenium had no effect on serum sodium, 
potassium, chloride, urea nitrogen, blood glucose and hemoglobin. Gilts 
fed low vitamin E and selenium diets had higher SGOT and LDH than gilts 
fed supplemental vitamin E and selenium alone or in combination. Gilts 
fed supplemental selenium farrowed fewer pigs but farrowed more live 
pigs and had more live pigs at one week post farrowing than gilts fed no 
supplemental selenium. The pathological, histological and reproductive 
performance data of this experiment Indicate that both vitamin E and 
selenium are required for the normal reproduction of swine. 
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TABLE 4.1. COMPOSITION OF BASAL DIETS* 
Item Diet I Diet II 
Torula Yeast^ 32.0 
PromosoyC 
---- 24.5 
Dextrose 59.6 66.3 
Cod Liver Oil^ 5.0 5.0 
DL-Methionine 0.1 0.1 
Vitamin Premix® 0.2 0.2 
Mineral Premix^ 3.1 3.9 
100.0 100.0 
*The diets were 16% protein. 
bpeed grade Torula yeast, type B, Lakes States Yeast and Chemical 
Division, Rhinelander Paper Company, Rhinelander, Wisconsin. 
^Promosoy, soy protein concentrate, Chemurgy Division of Central 
Soya Company, Chicago, Illinois. 
^Fortified cod liver oil, supplying 1500 I.U. vitamin A and 300 I.U. 
vitamin D2 per gm. New England By-Products Corp., Winchester, Massa­
chusetts. 
®The vitamin premix provided the following per kg. of each diet: 
vitamin A, 8000 I.U.; vitamin D2, 852 I.U.; vitamin Bi2> 30 meg; 
menadione, 10 mg. In addition to the above, the following were added 
per kg. of diet II; thiamine, 5 mg.; riboflavin, 13 mg.; niacin, 88 
mg.; pyridoxine, 5 mg.; pantothenic acid, 52 mg.; choline, 1100 mg. 
^The mineral premixes contained the following in percent for diet I 
and II respectively: CaHP04-2H20, 27.58, 72.72; CaCOa, 54.31, 7.58; 
CUSO4, 0.04, 0.08; Fe804, 0.17, 0.91; KI, 0.00, 0.04; MgO, 0.00, 2.01; 
MnO, 0.13, 0.16; ZnO, 0.21, 0.19; Na2Mo0i;, 0.01, 0.01; G0GI2, 0.03, 0.02; 
and NaCl, 17.50, 16.28. 
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TABLE 4.2. THE EFFECT OF SELENIUM AND VITAMIN E ON SERUM 6LUTAMIC-
OXALACETIC TRANSAMINASE 
Weeks of experiment 
Supplement Diet 36 40 44 48 52 56 60 
None I 
II i 194»(3)b 72 107(2) 40 75 37 43 
Vitamin E, I 18(4) 18 23 19(3) 23 29 18 
136 I.U.Ag. II 11(4) 15 18 17(3) 31 24 20 
Selenium, I 18(4) 21 23 25 21(3) 18 24 
0.5 ppm II 12(3) 19 30 25 21 25 11 
Vitamin E I 13(4) 58 15 30 34 22 8 
plus selenium II . 13(4) 17 19 25(3) 20 19 18(2) 
^nits of transaminase activity are defined as that amount of 
enzyme per milliliter of serum that will cause a decrease in optical 
density at 340 mti of 0.001 unit per minute at 25°C, and per centimeter 
light path under the conditions of the assay. This is equivalent to 
the formation of 4.82 x 10-^ jiiM of oxalacetic acid (or pyruvic acid) 
per minute. 
^Values in parentheses indicate the number of pigs contributing 
to value. All following numbers within a row will be the same as the 
number in parentheses unless indicated otherwise. 
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TABLE 4.3. THE EFFECT OF SELENIUM AND VITAMIN E ON SERUM LACTIC 
DEHYDROGENASE 
Weeks of experiment 
Supplement Diet 36 40 44 48 52 56 60 
None • 
1 
I ! _ _ _  ... ... ... ... 
II 458® 561 553 290 430 206 247 
Vitamin E, I 121 426 187 128 169 145 138 
136 I .U ./tg. . II 188 210 215 186 157 168 236 
Selenium, I 162 208 256 195 182 128 157 
0.5 ppm II 212 282 368 251 265 193 145 
Vitamin E plus I 130 648 194 219 213 135 127 
selenium II 233 201 214 229 226 171 194 
®Uriits of dehydrogenase activity are defined as that amount of en­
zyme per milliliter of serum that will cause an increase in optical 
density at 340 mu. of 0.001 unit per minute at 25°C, and per centimeter 
light path under the Conditions of the assay. 
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TABLE 4.4. THE EFFECT OF SELENIUM AND VITAMIN E ON SERUM POTASSIUM 
Weeks of experiment 
Supplement Diet 36 40 44 48 52 56 60 
None 
j 
I _ _ _  _ _ _  _ _ _  
II 5.0& 4.7 4.5 4.2 5.0 5.2 4.6 
Vitamin E, I 5.2 4.4 4.0 4.3 4.3 5.0 4.6 
136 I.U.Ag. II 4.5 4.9 4.4 4.9 5.0 4.9 4.6 
Selenium, I 4.6 4.8 4.5 4.8 4.1 4.7 5.0 
0.5 ppm II 4.7 5.1 4.5 4.5 5.8 4.9 4.6 
Vitamin E I 4.8 4.6 4.7 4.8 5.1 4.6 4.8 
plus selenium II 4.8 4.8 4.6 4.6 4.8 4.8 4.8 
^Meq./l. 
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TABLE 4.5. THE EFFECT OF SELENIUM AND VITAMIN E ON SERUM SODIUM 
Weeks o£ experiment 
Supplement Diet 36 40 44 48 52 56 60 
None 
I I I  143* 146 146 142 150 156 148 
Vitamin E, I 142 148 144 139 148 155 145 
136 I.U.Ag. II 149 149 146 146 156 157 146 
Selenium, I 145 145 144 144 148 150 142 
0.5 ppm II 145 146 141 146 146 157 148 . 
Vitamin E I 148 148 148 141 148 152 147 
plus selenium II 148 152 144 144 147 155 143 
®Meq./l. 
84 
TABLE 4.6. THE EFFECT OF SELENIUM AND VITAMIN E ON SERUM CHLORIDE 
Weeks of experiment 
Supplement Diet 36 40 44 48 52 56 60 
None • I 1 _ _  __  
_ _  
__  
II 87® 88 89 92 91 96 92 
Vitamin E, I 87 89 89 90 90 92 88 
136 I.U.Ag. II 90 90 88 91 94 93 88 
Selenium, I 87 88 91 93 91 93 89 
0.5 ppm II 88 89 86 87 88 92 93 
Vitamin E I 88 90 91 88 90 90 92 
plus selenium II 87 86 85 88 88 91 90 
*Meq./l. 
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TABLE 4.7. THE EFFECT OF SELENIUM AND VITAMIN E ON SERUM UREA 
NITROGEN 
Weeks of experiment 
Supplement Diet 36 40 44 48 52 56 60 
None I 1 
II 14® 15 18 21 13 15 16 
Vitamin E, I 18 18 23 19 10 . 10 8 
136 I.U./kg. II 11 15 18 17 17 11 8 
Selenium, I 18 21 23 25 12 11 10 
0.5 ppm II 12 19 30 25 14 14 12 
Vitamin E I 13 14 15 18 14 14 11 
plus selenium II 13 17 19 25 17 14 10 
*Mg./100 ml. 
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TABLE 4.8. THE EFFECT OF SELENIUM AND VITAMIN E ON BLOOD GLUCOSE 
Weeks of experiment 
Supplement Diet 36 40 44 48 52 56 60 
None I , _ _  
• II! 45a 48 51 46 60 43 42 
Vitamin E, I 54 47 49 60 50 50 43 
136 I.U.Ag. II 51 46 48 44 40 44 50 
Selenium, I 46 45 45 47 47 53 49 
0.5 ppm II 48 45 45 46 54 50 46 
Vitamin E I 43 46 48 47 51 45 48 
plus selenium II 48 45 43 40 44 54 44 
*Mg./100 ml. 
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TABLE 4.9. THE EFFECT OF SELENIUM AND VITAMIN E ON HEMOGLOBIN 
Weeks of experiment 
Supplement Diet 36 40 44 48 52 56 60 
None I 
II 12.0* 10.0 11.2 11.1 9.7 12.6 13.8 
Vitamin E, 
136 I.U./kg. 
I 
II 
12.0 
12.0 
12.5 
12.9 
12.4 
13.2 
13.4 
13.4 
12.6 
13.5 
12.9 
11.8 
12.1 
14.6 
Selenium, 
0.5 ppm 
I 
II 
12.2 
12i0 
13.3 
12.3 
12.6 
12.8 
13.6 
13.4 
13.5 
13.2 
11.7 
12.3 
13.6 
13.5 
Vitamin E 
plus selenium 
I 
II 
12.6 
11.1 
10.6 
13.4 
12,0 
14.0 
13.6 
16.0 
12.6 
14.7 
14.0 
14.2 
12.3 
13.4 
®Gm./100 ml. 
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TABLE 4.10. THE EFFECT OF VITAMIN E AND SELENIUM ON REPRODUCTIVE 
EBRFORMANCE 
No. No. of Av. number pigs 
Supplement Diet bred litters Farrowed Alive Alive at 1 week 
None I _ _  _ _  _ _  _ _  
II 2 2 8.5 4.5 0.0 
Vitamin E, I 3 3 7.3 3.3 0.0 
136 I.U./kg. II 3 2 10.0 1.5 0.5 
Selenium, I 3 2 6.5 6.5 4.5 
0.5 ppm II 3 3 4.3 3.0 1.3 
Vitamin E I 4 3 6.3 4.7 2.0 
plus selenium II 3 2a 5.0 0.0 0.0 
^Includes farrowing record of gilt that died during parturition. 
Necropsy revealed a ruptured artery in the uterus wall. There were 
nine normal appearing pigs in the uterus of this gilt. 
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i SECTION V 
1 
EFFECT OF PROTEIN, VITAMIN E AND SELENIUM ON SERUM AMINO ACID CONCEN­
TRATIONS OF THE YOUNG PIG 
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INTRODUCTION 
In many species, a deficiency of vitamin E and selenium results in 
nutritional muscular dystrophy (NMD) or a degeneration of the skeletal 
muscles. Alterations that have been demonstrated in the muscle during 
the course of NMD include an increased oxygen consumption (Victor, 1934), 
an increase in the relative collagen content (Spencer, Morgulis and 
Wilder, 1937), a decreased loss of amino nitrogen from muscle slices in 
vitro (Milman, Silides and Milhorat, 1953), and an increase in proteo­
lytic activity (Weinstock, Goldrich and Milhofat, 1955). Degeneration 
of skeletal muscles should also affect the concentration of free amino 
acids in the skeletal tissue as well as the blood. Reports of the be­
havior of individual amino acids in the blood and tissues of animals with 
NMD have been limited to laboratory animals (Tallan, 1955; Smith and 
Nelson, 1957; Valberg and Beveridge, 1960). No studies of the individual 
amino acids in the blood or plasma of large animals fed <low vitamin E 
and selenium diets have been reported. 
Since information concerning metabolic alterations in vitamin E and 
selenium deficiency may aid in the elucidation of their biochemical role, 
an experiment was conducted to determine the influence of vitamin E and 
selenium deficiency on serum amino acids in the pig. 
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EXPERIMENTAL PROCEDURE 
The servm samples used in this study were obtained from pigs 
used to study the effects of vitamin E and selenium in the young pig 
Section I. In this experiment, sixty-four 2- to 3-week old 
pigs averaging 5 kg. were used. There were four replications of 16 pigs 
that were blocked into two weight groups and allotted at random to 
eight dietary treatments with the restriction that littermates could not 
appear on the same dietary treatment. The management, diets, treatments 
and statistical analysis were described in detail in Section I. 
Blood samples were collected from the orbital sinus by the procedure of 
Riley (1960) at 3, 7 and 10 weeks after the initiation of the experiment. 
Blood was collected between 7 and 8 a.m. on each of the bleeding days. 
The animals were not fasted before bleeding. The serum collection was 
described in section II. The serum samples from the two pigs within 
each pen were pooled for the amino acid determinations. 
To prepare samples for analysis 4 ml. of serum was placed in a 
centrifuge tube and deproteinized by the addition of 4 ml. of a 20% 
sulfosalicylic acid solution containing norvaline as an internal standard. 
Samples were then centrifuged at 12,100 x g. for 20 minutes. .Six ml. of 
the supernate was transferred to a plastic disposable culture tube, the 
pH was adjusted to 7.0 using NaOH and the solution was allowed to sit 
at room temperature for 4 hours to convert cysteine to cystine (Stein 
and Moore, 1954). The solution was then adjusted to a pH of 1.5 using 
HGl and was later diluted to 10 ml. with deionized water and frozen 
until analyzed. 
/ 
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One ml. of the sample was analyzed by ion-exchange column chroma­
tography as described by Moore and Stein (1954). A Technicon Autoanalyzer 
system using an Autograd gradient buffer elution system with modifications 
as recommended by Hamilton (1962) was used. Integration constants for 
each amino acid were calculated using a standard micromole amino acid 
solution, and these constants wete used to calculate the concentration 
of amino acids in the plasma. 
Tryptophan was not determined because the rate of decomposition 
for this amino acid in this analytical procedure does not allow a high 
percentage recovery (Stein and Moore, 1954). 
The analysis for serum urea nitrogen was described in Section II. 
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RESULTS AND DISCUSSION 
A summary of the vitamin E and selenium effects on total serum 
amino acids is shown in figure 5.1. The results show that the pigs 
fed supplemental vitamin E and selenium alone or in combination had in­
creased serum amino acids. At 3 and 7 weeks, the increase in serum 
amino acids due to feeding supplemental vitamin E approached the 5% level 
of significance, whereas at 10 weeks the supplemental vitamin E effect 
was significant (P«C.05). Pigs fed supplemental selenium had sig­
nificantly (P<.05) higher total serum amino acids at all three time 
periods. At 3 weeks there was a significant (P<.01) vitamin E x 
selenium interaction since the response from supplementing the diets with 
both vitamin E and selenium was not additive. 
The total essential and total nonessential amino acid data are 
shown in figures 5.2 and 5.3. The data show that the supplementation 
of vitamin E and selenium alone or in combination had essentially the 
same effect on total essential and total nonessential amino acids as 
supplementation had on total serum amino acids. Pigs fed the low vitamin 
E and selenium diets had lower total essential and nonessential amino 
acids in the serum than pigs fed supplemented diets. Pigs fed diets 
supplemented with vitamin E had essentially the same concentration of 
total essential and nonessential amino acids as pigs fed diets supple­
mented with selenium. The response to supplementation of both vitamin E 
and selenium was additive only at the seventh week. 
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The decrease in concentration of amino acids in the serum of pigs 
fed low vitamin E and selenium diets may be due to a variety of condi­
tions: (a) decreased feed intake; (b) increased urinary amino acid 
excretion and (c) increased amino acid uptake by various tissues. 
Vitamin E and selenium may exert their effect on one or all of these 
processes. The differences between the serum amino acid concentrations 
of pigs fed diets low in vitamin E and selenium and pigs fed supplemented 
diets at 7 and 10 week periods may be explained in part by the feed con­
sumption. At 7 weeks, the pigs fed supplemental diets consumed ap­
proximately 0.25 kg. more feed per pig per day than the pigs fed the 
unsupplemented diets. At the 10 week period, the feed consumption dif­
ference was approximately 0.5 kg. per pig per day. The feed consump­
tion, however, was not the only factor since at 3 weeks the feed con­
sumption of the pigs fed low vitamin E and selenium diets was as great 
or greater than the feed consumption of pigs fed the supplemented diets. 
Yet the serum amino acid concentration pattern at the third week was the 
same as the pattern at seven and ten weeks. 
The second of the above possibilities has support from the data of 
Dinning al. (1956) and Diehl (1959) which showed there is a general 
increase in urinary excretion of amino acids by vitamin E-deficient rab­
bits. Nichoalds, Diehl and Fitch (1967) reported that excess urinary 
excretion of amino acids could reflect a defective renal tubular reab-
sorption of amino acids. Defective renal tubular reabsorption of serum 
amino acids may have occurred, but there were no histological lesions 
observed in kidneys from pigs fed the low vitamin E and selenium diets • 
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(Section I). It also seems unlikely that pigs fed the low vita­
min E and selenium diets could have increased urinary amino acid ex­
cretion and still be able to grow as rapidly as the pigs fed diets sup­
plemented with vitamin E and selenium. There is heed for data that 
will substantiate or discredit an increased urinary excretion of amino 
acids of vitamin E and selenium deficient pigs. 
The increased amino acid uptake by the tissues of vitamin E and 
selenium deficient pigs is the most attractive possibility for explain­
ing the decrease serum amino acid concentration. Nichoalds, Diehl and 
Fitch (1967) reported that much of the available evidence supports in­
creased accumulation of amino acids by the muscles of vitamin E-deficient 
rabbits. Diehl (1966) reported that vitamin E deficiency caused over a 
two-fold increase in incorporation of glycine-1-^^C into rabbit diaphragm 
proteins. The results of our study showed that serum glycine was sig­
nificantly (P<.05) lower in pigs fed the low vitamin E and selenium 
diets than in pigs fed diets supplemented with vitamin E and selenium. 
Since glycine is involved in numerous metabolic pathways, Diehl (1966) 
also measured the uptake of non-metabolizable o-aminoisobutyric (AIB) 
acid by diaphragm tissue. AIB was introduced by Christensen et al. 
(1956) as an amino acid transport model. The results by Diehl (1966) 
showed that diaphragms from vitamin E deficient rabbits contained an 
average of 92% more AIB-^^C than control animals. Tallan (1955) re­
ported that in the severely dystrophic rabbit there is a general increase 
in the concentration of free amino acids in muscle tissue, involving all 
those found in protein with exception of glycine and basic amino acids. 
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Smith and Nelson (1957) explained the decreased glycine level on the 
basis that glycine may act as the main source of formyl fragment for 
synthesis of the purine ring. Diehl (1966) also measured the uptake of 
thiourea and D ribose by isolated rabbit diaphragms. The uptake of 
these compounds by the tissue of vitamin E deficient rabbits was not in­
creased. Diehl (1966) concluded that vitamin E deficiency affects the 
transport of amino acids into muscle cells as shown by the increased 
uptake of AIB-^^C into the muscle cells. He further stated that the 
altered transport of amino acids cannot be attributed to a non-specific 
deterioration of membranes such as might result from lipid peroxidation. 
Besides increased accumulation of amino acids by the dystrophic 
muscle, there is evidence to indicate regeneration of the muscle tissue. 
The increased number of nuclei (West and Mason, 1958; Hartley and 
Grant, 1961), increased concentration of ribonucleic and deoxyribonucleic 
acids, and increased nucleic acid turnover rate (Young and Dinning, 1951)in 
muscles from deficient animals indicate regeneration of dystrophic tissue. If 
there is an increased regeneration, there would be an increase in pro­
tein synthesis which would cause an increased uptake of amino acids. 
The blood urea nitrogen data are shown in figure 5.4. The 10 week 
data have previously been reported in table 2.5 of section II. The 
supplementation of vitamin E or selenium had no significant effect on 
the serum urea nitrogen level at the third and seventh week. At the 
10th week, pigs fed supplemental selenium had significantly (P^.05) 
lower serum urea nitrogen than pigs fed the low vitamin E and selenium 
diets and pigs fed diets supplemented with vitamin E alone. The effects 
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of supplementation on the urea cycle amino acids (citrulline, ornithine 
and argininé) are shown in figure 5.5. At 3 and 7 weeks, the supple­
mentation of vitamin E and selenium alone or both had no significant 
effect on the total concentration of these amino acids in the serum. 
At 10 weeks the pigs fed diets supplemented with vitamin E and selenium 
had significantly higher serum urea cycle amino acids than pigs fed the 
low vitamin E and selenium diets. There was also a significant (P<.01) 
vitamin E x selenium interaction at 10 weeks. At 10 weeks, the effect 
of vitamin E and selenium on serum urea cycle amino acids was essentially 
the same as the effect on total and total essential amino acids. 
Data showing the effect of protein source on total amino acids 
and serum urea nitrogen are shown in figure 5.6. The 10 week urea nitro­
gen data are the same data as reported in table 2.5 of section II. At 
3 weeks, the protein source had no effect on total serum amino acids. 
At 7 and 10 weeks, however, pigs fed Torula yeast diets had a signifi­
cantly (P<.05) higher concentration of total serum amino acids than 
pigs fed the Promosoy diets. The source of protein also had a signifi­
cant (P<.01) effect on urea nitrogen at 3 and 7 weeks since pigs fed 
Promosoy diets had a higher level of urea nitrogen than pigs fed the 
Torula yeast diets. A possible explanation for the differences in total 
serum amino acids and serum urea nitrogen may be found by reviewing the 
growth data (section I). The growth data showed that pigs fed the Torula 
yeast diets grew significantly (P^.Ol) faster and were more efficient 
than pigs fed the Promosoy diets. The amino acid, urea nitrogen and 
growth data indicate that pigs fed the Promosoy diets did not utilize 
protein as well as the pigs fed the Torula yeast diets. 
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SUMMARY 
An experiment was conducted to determine the effects on serum amino 
acids in the young pigs by feeding diets low in vitamin E and selenium 
supplemented with vitamin E and selenium alone or both. Supplementing 
the diets with vitamin E and selenium alone or in combination signifi­
cantly Increased total, total essential and total nonessential serum 
amino acids above pigs fed the unsupplemented diets. Pigs fed supple­
mental vitamin E and selenium also had significantly higher urea cycle 
amino acids. Pigs fed the low vitamin E and selenium diets had higher 
serum urea nitrogen at the 10 week period than pigs fed the supple­
mented diets. Pigs fed the Torula yeast basal diets had a significantly 
higher concentration of total amino acids and a significantly lower urea 
nitrogen level in the serum than pigs fed Promosoy basal diets. 
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GENERAL DISCUSSION 
With the exception of pigs fed the Torula yeast diet supplemented with 
both vitamin E and selenium, (12 to 32 weeks), rate of gain and feed ef­
ficiency (0 to 32 weeks) were not improved by supplementing diets with 
vitamin E and selenium alone or in combination. These results are in 
agreement with those reported by Eggert ^  al. (1957), Pellegrini 
(1958) and Thomke, Dahl and Persson (1965). If rate of gain and feed 
efficiency are used as the only criteria in evaluating the effects of 
vitamin E and selenium, then the results of our experiment indicate that 
pigs do not have a definite requirement for vitamin E and selenium. 
The deficiency symptoms of NMD, however, may be subclinical and as a 
result need to be diagnosed histopathologically or by chemical changes . 
in the blood (Oksanen, 1967). Andrews, Hartley and Grant (1968) re­
ported that clinical signs of NMD in pigs are seldom seen since affected 
animals are usually found dead. Estimations of SGOT and LDH in serum 
have become important aids for the diagnosis of NMD (Orstadius et al., 
1959; Oksanen, 1967; Ewan and Wastell, 1970). The activities of SGOT 
and LDH increase when pigs are fed low vitamin E and selenium diets. 
This rise in enzyme activities indicates liver and muscle damage which 
can be demonstrated histologically. 
The results of our study show that SGOT and LDH in serum of pigs fed 
low vitamin B and selenium diets increase to a much higher level during 
the early growing period (0 to 12 weeks) than during the growing finishing 
period (12 to 32 weeks) or during gestation and lactation. This suggests 
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that the young, fast growing pig has a higher vitamin E and selenium re­
quirement than the older, slow growing pig. Since tissue necrosis was 
observed in mature gilts and suckling pigs, NMD may occur at any age. 
This is in agreement with Lannek (1967) who reported that NMD can occur 
at any age but occurs most frequently in fast growing pigs at body 
weights of 30 to 60 kg. 
Supplementing diets with selenium was only partially effective in 
maintaining normal LDH activities and preventing histological damage to 
muscle. This agrees with the reports of Grant and Thafvelin (1958), and 
Swahn and Thafvelin (1962). Serum LIH and SCOT and histological data 
from pigs fed diets supplemented with vitamin E alone indicated that 
vitamin E was effective in preventing NMD in pigs from 2 to 34 weeks 
of age. However, tissue damage was observed histologically in unbred 
gilts fed supplemental vitamin E alone. This indicates that vitamin E 
like selenium is only partially effective in preventing NMD. These re­
sults are in agreement with the findings of Ullrey (1969) who reported 
that supplementing corn-soybean diets with 11 or 22 I.U. of vitamin E/kg. 
was only partially effective in preventing pig deaths due to NMD. In 
some instances an injection of seleniunwvitamin E preparation was neces­
sary at weaning for preventing pig deaths. 
Besides vitamin E and selenium being required to prevent NMD, our 
experimental results showed that both vitamin E and selenium may be re­
quired for the development of normal female reproductive organs and normal 
development of embryos and fetuses. Twenty-four percent (5 of 21) of 
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the gilts fed unsupplemented semipurified diets or diets supplement with 
either vitamin E or selenium alone had abnormal reproductive organs. 
This compares with 12% (1 of 8) for gilts fed diets supplemented with 
both vitamin E and selenium and 2% of a normal swine population (Perry 
and Pomeroy, 1956). Bay and Vogt-Moller (1934) following observations 
on the effect of subcutaneous injections of wheat-germ oil to sows that 
showed various reproductive failures, advised wheat-germ therapy as a 
method of preventing and curing sterility in sows. 
Embryonic death due to vitamin E and selenium deficiency may also 
be a possibility since one gilt fed supplemental vitamin E alone and one 
gilt fed supplemental selenium alone conceived but never farrowed. Adam, 
stone, Krider and James (1949) concluded from their data that reproduc­
tive performance of sows fed a low vitamin E diet was greatly lowered 
because of embryonic death. Selenium deficiencies have also been reported 
to cause embryonic mortality in sheep (Hartley, 1963). Hartley (1963) 
reported that embryonic mortality can be decreased by administering 
selenium to the ewe just prior to mating. The possibility of embryonic 
death due to vitamin E and selenium deficiency needs evaluation since two 
gilts fed diets supplemented with both vitamin E and selenium also con­
ceived without farrowing. The possibility exists, however, that the 
amounts of supplemental vitamin E and selenium were not adequate for 
normal development of the embryos. The large number of stillborn pigs 
that showed signs of reabsorption and the large number of weak pigs that 
were farrowed indicates that vitamin E and selenium may also be required 
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for the development of normal fetuses. 
Obel (1953) reported that cystine was effective in preventing liver 
necrosis in pigs. The protective effect of cystine may be due to the 
presence of 1-2 jig of selenium in commercial L cystine (Schwarz, Stesney 
and Foltz, 1959). Reid et (1968) has reported that liver damage in 
pigs fed a low protein diet was partially prevented by methionine and 
that selenium contamination was not a significant factor in the protective 
action of methionine. Since their diets were low in protein, it is con­
ceivable that their observed protective effect from methionine supple­
mentation was in fact due to an improvement in protein quality of the 
diet rather than a methionine sparing effect. The results of our ex­
periment showed that pigs fed a 22% protein diet supplemented with 0.5% 
methionine developed extensive liver necrosis. Michel, Whitehair and 
Keahey (1969) also found that supplemental methionine was ineffective 
in preventing liver necrosis in the pig, so it appears that a low pro­
tein, low sulfur amino acid diet is not a prerequisite for the develop­
ment of liver necrosis in the pig. 
At present, the physiological role of vitamin E and selenium re­
mains unknown. A theory that has attracted considerable support mainly 
through the efforts of Tappel and coworkers contends that vitamin E and 
selenium act as antioxidants in maintaining cellular and intracellular 
membranes of the body. Tappel (1965) postulates that in the absence of 
vitamin E and selenium there is a free radical attack upon the unsaturated 
fatty acids of the cellular and intracellular membranes which would allow 
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for a nonspecific deterioration of the membranes. A nonspecific de­
terioration of the membranes should result in altered concentration of 
intracellular and extracellular electrolytes as well as other cellular 
and blood constituents. The results of our experiment do not suggest 
this, as a deficiency of vitamin E and selenium had no significant ef­
fect on the concentrations of serum sodium and chloride or blood glucose 
and hemoglobin. Supplementing the diets with vitamin E did significantly 
decrease serum potassium but only during the first 6 weeks of the ex­
periment. 
An altered serum potassium concentration may be involved, however, 
in the actual death of vitamin E and selenium deficient pigs since three 
pigs fed the deficient diets had serum potassium concentrations of 12 
meq./l. or greater just prior to death. Serum sodium concentrations 
were not.altered in any of the three pigs. The elevation of serum 
potassium may be the cause of death since Coulter (1969) has reported 
that heart blockage occurs in pigs when the plasma potassium level reached 
9.2 meq./l. Ludvigsen (1953) suggested that altered concentrations of 
plasma electrolytes may cause shock and shock then being the actual 
cause of death for animals with NMD. 
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SUMMARY 
An experiment was conducted to study the role of vitamin E and 
selenium in the nutrition of the pig. The addition of vitamin E or 
selenium to semipurified diets had no significant effect on rate of 
gain or feed efficiency from 0 to 32 weeks. However from 12 to 32 
weeks, pigs fed Torula yeast diets supplemented with both vitamin E and 
selenium gained faster (P <.05) than pigs fed Torula yeast diets supple­
mented with vitamin E or selenium alone. 
Fifty-four percent of the pigs fed unsupplemented diets died during 
the first 12 weeks of the experiment. Only three of 16 pigs fed the un-
supplemented diets were alive after 20 weeks on experiment. Supplement­
ing the diets with vitamin E, selenium or both reduced the mortality to 
7% for the first 20 weeks of the experiment. 
Necropsies of pigs that died during the first 12 weeks of the ex­
periment that were fed the deficient diets showed hepatic necrosis, ic­
terus, generalized edema, anemia, pale areas in skeletal and cardiac mus­
cle and a yellowish brown discoloration of body fat. At 32 weeks, the 
necropsies showed that pigs fed Torula yeast diets supplemented with 
selenium alone had edema, liver fibrosis, hyalinization of skeletal 
muscles and a yellowish brown discoloration of body faf and tissues. 
Pigs fed the Torula yeast diets fed both supplemental vitamin E and 
selenium showed some liver fibrosis, hyalinized skeletal muscle fibers 
and degenerative heart myofibrils. There were no observed tissue changes 
in pigs fed Torula yeast diets supplemented with vitamin E or in tissues 
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from pigs fed Promosoy diets supplemented with vitamin E and selenium 
alone or in combination. 
Necropsies of mature gilts showed 24% of the gilts fed unsupplemented 
diets or diets supplemented with either vitamin E or selenium alone had 
abnormal reproductive organs. This compares with 12% for gilts fed diets 
supplemented with both vitamin E and selenium. All gilts fed diets low 
in vitamin E including those fed supplemental selenium alone had yellowish 
brown fat. 
The chemical analysis of the blood showed pigs fed low vitamin E and 
selenium diets had elevated SGOT and LDH activities during the entire 
experiment. Supplementing the diets with selenium decreased but did not 
completely suppress; the elevation of SGOT and LDH. Serum enzymes activi­
ties of pigs fed diets supplemented with vitamin E alone remained essential­
ly the same as the serum enzyme activities of pigs fed both vitamin E and 
selenium. The addition of vitamin E and selenium alone or in combina­
tion had no significant effect on serum sodium, chloride, blood glucose 
or hemoglobin. The addition of vitamin E to the dystrogenic diets sig­
nificantly decreased serum potassium during the first 6 weeks of the ex­
periment but had no significant effect thereafter. Selenium supplementa­
tion decreased serum urea nitrogen only at the 10 week period. Pigs 
fed the low vitamin E and selenium diets had Icwer (P<.05) total, total 
essential and total nonessential serum amino acids during the first 10 
weeks of the experiment than pigs fed diets, supplemented with vitamin E 
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and selenium alone or in combination. 
Gilts fed supplemental selenium farrowed fewer pigs but more live 
pigs and had more live pigs at one week after farrowing than sows fed 
no supplemental selenium. Pigs farrowed from gilts fed unsupplemented 
diets showed hyalinization of the skeletal muscles and a cloudy swelling 
of the heart muscle fibers. These tissue changes were not observed in 
pigs farrowed from sows fed supplemented diets. 
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TABLE A.l. ANALYSIS OF VARIANCE OF GROWTH PERFORMANCE 
Av. daily gain . Faed/gain 
Source of variance d.f. M.S. d.f. M.S. 
Total 
0 to 8 weeks 
63 0.0010 31 0.2809 
Outcome groups (OG) 
Replication (R) 
Weight (Wt) 
R X Wt 
7 
3 
1 
3 
0.0185 
0.0216 
0.0385* 
0.0088 
3 0-7022 
Treatments (T) 
Protein source (P) 
Vitamin E (E) 
Selenium (Se) 
P X E 
P X Se 
E X Se 
P X E X Se 
7 
1 
1 
1 
1 
1 
1 
1 
0.0156 7 
0.0683** 1 
0.0017 1 
0.0038 1 
0.0003 1 
0.0082 1 
0.0252 1 
0.0014 1 
0.1708 
0.7719 
0.0358 
. 0.1968 
0.0132 
0.0319 
0.1339 
0.0124 
R X T 
Residual 
21 
28 
8 to 12 weeks 
0.0080 
0.0074 
21 0.2574 
Total 41 0.0101 23 0.0820 
Outcome group (06) 
Replication (R) 
Weight (Wt) 
R X Wt 
7 
3 
1 
3 
0.0112 
0.0103 
0.0176 
0.0100 
3 0.2310 
Treatments (T) 
Protein source (P) 
2+3 vs 4® 
6+7 vs 8 
2 vs 3 
6 vs 7 
5 
1 
1 
1 
1 
1 
0.132 
0.0520* 
0.0000 
0.0021 
0.0010 
0.0110 
5 
1 
1 
1 
1 
1 
0.0804 
0.0010 
0.0005 
0.0070 
0.2556 
0.1378 
R X T 
Residual 
15 
18 
0.0062 
0.0098 
15 0.0820 
*(P-^.05). 
**(P<.01). 
^Treatment identification is as follows: 2 - Torula yeast diet+E; 3-
Torula yeast diet + Se; 4 - Torula yeast diet + E + Se; 6- Promosoy diet+E; 
7 - Promosoy diet + Se; 8 - Promosoy diet + E + Se. 
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TABLE A.2. ANALYSIS OF VARIANCE OF SCOT, LDH, BLOOD GLUCOSE, AND 
HEMOGLOBIN (0 to 8 weeks) 
SCOT LDH 
Source of variance d.f. M* S« d.f. M*8# 
Total 
Weeks (W) 
Outcome group (06) 
Replication (R) 
Weight (Wt) 
R X Wt 
Treatments (T) 
Protein source (P) 
Vitamin E (E) 
Selenium (iSè) 
P X E 
Se 
Se 
E X 
W 
W 
R 
P X 
E X 
P X 
OG 
T 
T 
Se 
Wt/R X T 
Residual' 
Total 
Weeks (W) 
Outcome group (OG) 
Replication (R) 
Weight (Wt) 
R X Wt 
Treatments (T) 
Protein source 
Vitamin E 
Selenium 
P X E 
P X Se 
X Se 
E X Se 
E 
P X 
OG 
T 
T 
Wt/R- X T 
Res idùal 
W 
W 
R 
X 
X 
X 
244 15625 
3 89623** 
7 14277 
3 2885 
1 28709 
3 20857 
7 149914** 
117778** 
232385** 
174568** 
105502** 
101481** 
232745** 
84938** 
5257 
43990** 
9595 
16765 
5068 
Blood glucose 
21 
21 
21 
28 
136 
250 
3 
7 
3 
1 
3 
271. 
1038, 
925, 
594, 
21 
21 
21 
28 
142 
202 
288. 
393 
285. 
136. 
9 
6 
6 
1405.4* 
26.0 
745.7 
4 
2029.5* 
0.1 
86.3 
147.3 
38.0 
1562.2 
297.5 
6 
9 
2 
2 ' 
6 
244 346380 
3 3022172** 
7 482204* 
3 861887** 
1 28709 
3 253685 
7 3376625** 
188845 
12201486** 
4414464** 
343615 
1172212** 
4504740** 
811014* 
21 167425 
21 1084238* 
21 155802 
28 166491 
136 104558 
Hemoglobin 
250 
3 
7 
3.4 
79.8** 
13.7* 
3 
1 
3 
9.6 
23.5** 
8.4 
5.7 
51.6** 
1.7 
7.7 
2 . 8  
2.3 
0.1  
1.3 
21 
21 
21 
28 
138 
4.0 
1.0 
3.9 
3.9 
1 .0  
(P<.05). 
**(P<.01). 
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TABLE A.3. ANALYSIS OF VARIANCE OF SGOT,. LDH, BLOOD GLUCOSE AND 
HEMOGLOBIN (8 to 12 weeks) 
SGOT LDH 
Source o£ variance d.f. M.S. d.f. M.S. 
Total 268 383 268 67917 
Weeks (W) 5 740 5 60854 
Outcome groups (OG) 7 774 7 258745 
Replication (R) 3 752 3 515071* 
Weight (Wt) 1 345 1 45 
R X Wt 3 939 3 89651 
Treatments (T) 5 1446* 5 1125472** 
Protein source 1 3734* 1 394716 
2+3 vs 4^ 1 627 1 404175 
6+7 vs 8 1 294 1 929339* 
2 vs 3 1 677 1 798803* 
6 vs 7 1 1899 1 3100328** 
W X 06 35 326 35 30830 
W X T 25 389 25 130406 
R X T 15 480 15 155870 
Wt/R X T 20 475 20 21203 
Residual 156 342 156 21524 
Blood glucose Hemoglobin 
Total 276 277.7 272 3.1 
Weeks (W) 5 2570.4** 5 34.9** 
Outcome groups (OG) 7 468.5 7 7.3 
Replication (R) 3 365.0 3 14.8** 
Weight (Wt) 1 121.7 i 3.6 
R X Wt 3 687.7 3 3.1 
Treatments (T) 5 238.2 5 26.2* 
Protein source 1 396.7 1 114.8** 
2+3 vs 4® 1 355.1 1 0 . 9  
6+7 vs 8 1 144.2 1 • . 9.6 
2 vs 3 1 269.3 1 4.0 
6 vs 7 1 25.4 1 • 1.6 
W X OG 35 226.1 35 2.6 
W X T 25 383.1 25 1.6 
R X T 15 304.2 15 6.6 
Wt/R X T 20 372.4 20 3.5 
Residual . 164 181.8 160 1.1 
*(P^.05). 
•k* 
(P <.01). 
Treatments are defined in footnote a of Table A.l. 
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TABLE A.4. ANALYSIS OF VARIANCE OF SERUM POTASSIUM SODIUM AND UREA 
NITROGEN (0 to 12 weeks) 
Potassium Sodium Urea N. 
Source of variance d.£. M.S. M.S. M.S. 
Weeks 11 5.2 1661 576 
Replication (R) 3 1.4 1075 1036 
Weight (Wt) 1 2.1 1349 252 
Treatment (T) 7 1.3 93 2542 
R X Wt 3 3.2 322 367 
R X T 21 2.5 314 1249 
Wt X T 7 1.4 363 172 
Residual 710 0.4 92 135 
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TABLE A. 5. ANALYSIS OF VARIANCE OF SERUM POTASSIUM AND UREA NITROGEN 
(Individual weeks - 2 to 12 weeks) 
2 4 6 
Potas. Urea N. Potas. Urea N. Potas. Urea N. 
Source of variance d.f. M.S. M.S. M.S. . M.S. M.S. M.S. 
Replication (R) 3 1. 0 119 0.3 80 0.2 138 
Weight Gît) 1 0. 3 156 0.2 72 0.0 26 
Treatment (T) 7 i. d* 326** 0.5** 282** 0.5 . 162** 
Protein source (P) 0.1 2040** 1.4 1936** 0.7 1055** 
Vitamin E (E) 4.0** 160* 0.9 17 2.6** 45 
Selenium (Se) 0.3 39 0.1 1 0.2 0 
P X E 0.5 0 0.2 4 0.0 3 
P X Se 0.8 0 0.5 10 0.1 5 
E X Se 0.7 6 0.0 0 0.1 1 
P X E X Se 0.6 33 0.2 4 0.1 22 
R X Wt 3 0. 7 23 0.1 10 0.1 55 
R X T 21 0. 3 29 0.1 29 0.2 28 
Wt X T 7 0. 2 50 0.2 21 0.2 54 
Residual 21 0. 4 42 0.2 23 0.2 20 
*(P<.05). 
**(P4C.01). 
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TABLE A.5. (Continued) 
8 10 12 
Potas. Urea N. Potas. Urea N. Potas. Urea N. 
Source o£ variance M.S. M.S. M.S. M.S. M.S. M.S. 
Replication (R) 1.1 75 1.4 193 0.2 51 
Weight (Wt) 0.0 665 0.1 910 0.0 516 
Treatment (T) 0.2. 404 0.5 510 0.6 632 
Protein source (P) 0.0. 422 0.1 367 0.2 482 
Vitamin E (E) 0.0 204 0.8 171 0.0 683 
Selenium (Se) 1.0 687 0.5.,,- 765 0.5 1211 
P X E 0.2. 542 0.5 720 0.2 539 
P X Se 0.3. 338 0.1 588 2.7 257 
E X Se 0.0 149 0.3 51 0.0 727 
P X E X Se 0.1 486 1.6 905 0.7 523 
R X Wt 1.0 235 0.6 175 0.1 576 
R X T 0.4 328 0.7, 335 0.8 354 
Wt X T 0.6 565 0.6 518 1.2 520 
Residual 0.8 321 1.0 323 0.8 397 
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TABLE A.6. ANALYSIS OF VARIANCE OF GROWTH PERFORMANCE (12 to 32 weeks) 
Source o£ variance d 
Av. daily gain 
M.S. 
Feed/gain 
d.f. M.S. 
Replication (R) 3 0.0072 3 0.1815 
Weight (Wt) 1 0.0011 -
Treatment (T) 5 0.0210 
-
Protein source 1 0.0649 1 1.0004 
2+3 vs 4 1 0.0504 1 1.1267 
6+7 vs 8 1 0.0011 1 0.1395 
2 vs 3 1 0.0000 1 0.3528 
6 vs 7 1 0.0133 1 0.0028 
R X Wt 3 0.0122 
R X T 15 0.0047 15 0.2680 
T X Wt :5 0.0129 
Residual 8 0.0135 
TABLE A.7. ANALYSIS OF VARIANCE OF S60T, LDH, POTASSIUM, SODIUM, CHLORIDE, UREA NITROGEN, BLOOD 
GLUCOSE AND HEMOGLOBIN (14 to 20 weeks) 
Source of variance d.£. 
SGOT 
M#8# 
LCH Potas. 
M# S# M#S* 
Sodium 
M.Sa 
Chloride 
MeS* 
Urea N. 
M.S. 
Blood glucose 
M.S. 
Hemoglobin 
M#S* 
Weeks (W) 3 165* 94134** 0.2 274** 19** 15 2260** 30** 
Replication (R) 3 388 124280 0.9 330 53 102 2002 5 
Treatment (T) 5 2777* 650532** 1.0 14 13 293** 527 48* 
W X R 9 66 34243 1.1 137 23 12 162 10 
W X T 15 41 17345 0.2 14 3 8 98 1 
R X T 15 850 70910 0.5 44 13 36 213 15 
Residual 113 247 8522 0.3 8 3 10 148 2 
*(P<.05). 
**(?<. 01). 
TABLE A. 8. ANALYSIS OF VARIANCE OF SCOT, LDH, POTASSIUM, SODIUM, CHLORIES, BLOOD GLUCOSE AND 
HEMOGLOBIN (20^ to 32 weeks) 
SCOT LBH Potas. Sodium Chloride Blood glucose Hemoglobin 
Source of variance d.£. M.S. M.S. M.8« M.S. M.S. - M. S. M.S. 
Weeks (W) 3 499 72491* 17.4** 80* 257** 300 35** 
Replication (R) 3 497 34753 1.9 239 87 219 2 
Treatment (T) 5 2368 93091** 0.1 6? 15 332 15 
W X R 9 207 14607 1.5 49 35 489 4 
W X T 15 247 18080 0.2 25 7 213 2 
R X T 15 849 14263 0.3 32 10 192 9 
Residual 113 387 6482 0.4 13 5 126 2 
^Hie 20 week data are Included in both the 14 to 20 week period and the 20 to 32 week period. 
*(P<.05). 
**(?<.01). 
TABLE A. 9. ANALYSIS OF VARIANCE W SGOT, LDH, POTASSIUM, SODIUM, CHLORIDE, UREA NITROGEN, BLOOD 
GLUCOSE AND HEMOGLOBIN (36 to 48 weeks) 
Blood 
SGOT LDH Fotas. Sodium Chloride Urea N. glucose Hemoglobin 
Source o£ variance d«£« M#S# d«£« M«S« d•£• M#S# d«£> M# 8# d*f# M* S * d«£« M*8# d«£« M#S# d«£« M# S # 
Weeks (W) 3 490 3 106221 3 0.5 3 47 3 11 3 479 3 48 3 12 
Replication (R) 3 264 3 71240 3 0.6 3 15 3 8 3 249 3 152 3 5 
Treatment (T) 5 277 5 24585 5 0.1 5 38 5 22 5 301 5 112 5 3 
W 3c R 9 263 9 70504 9 0.3 9 88 9 17 - - 9 72 9 2 
W X T 15 302 15 41454 15 0.2 15 19 15 9 15 302 15 39 15 2 
Residual 48 221 50 10181 49 0.1 49 18 49 7 57 228 48 522 48 3 
TABLE A. 10. ANALYSIS OF VARIANCE OP SGOT, LCH, POTASSIUM, SODIUM, CHLORII», UREA NITROGEN, BLOOD 
GLUCOSE AND HEMOGLOBIN (48* to 60 weeks) 
Blood 
SCOT LDH Potas. Sodium Chloride Urea N glucose Hemoglobin 
Source of variance d.£. M.S. d.£. M.S. d.£. M.S. d.£. M.S. d.£. M.S. d.£. M.S. d.£. M.S. d.£. M.S. 
Weeks (W) 3 349 3 10175 3 0.1 3 381 3 16 3 201** 3 78 3 3 
Replicate (R) 3 46 3 2415 3 1.2 3 81 3 32 3 26 3 88 3 5 
Treatment (T) 5 13 5 7768 5 0.3 5 29 5 6 5 29 5 49 5 5 
W X R 9 406 - 9 67 9 3 
W X T 15 65 15 2884 15 0.4 15 20 15 11 15 7 15 85 15 1 
Residual 39 126 45 4194 45 0.4 45 56 45 12 43 8 36 124 36 3 
*The 48 week data are included in both the 36 to 48 week period and the 48 to 60 week period. 
**(P<.01). 
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TABLE A.ll. ANALYSIS OF VARIANCE OF SCOT, LDK, UREA NITROGEN AND 
HEMOGLOBIN (Individual weeks - 14 to 32) 
14 
SCOT LDH Urea N. Hemoglobin 
Source of variation d.f. M.S. M.S. M.S. M.S. 
Replication (R) 3 137 51491 17 8 
Treatment (T) 5 856 296706** 85** 21** 
Protein source (P) 1 1028 65550 408 108** 
2+3 vs 4^ i 1 518 139812 1 2 
6+7 vs 8 1 1 151 304773* 7 1 
2 vs 3 1 2013* 306105* 11 2 
6 vs 7 1 356 831520** 3 2 
R X T 15 345 45237 17 2 
Residual 17 370 10619 10 2 
16 
Replication (R) 3 61 104662 30 7 
Treatment (T) 5 647 207809 80 13 
Protein source (p) 1 830 18239 373** 78** 
2+3 vs 4® 1 952 137591* 12 0 
6+7 vs 8 1 158 242066** 4 1 
2 vs 3 1 597 185918** 6 6 
6 ys 7 1 479 713577** 1 2 
R X T 15 260 18828 11 6 
Residual 17 307 11946 11 4 
18 
Replication (R) 3 237 46156 50 18 
Treatment (T) 5 991 118751 76 9 
Protein source (P) 1 1663 20801 
2+3 vs 4® 1 1269 64890 
6+7 vs 8 1 117 112902* 
2 vs 3 1 1521 185804** 
6 vs 7 1 230 309610** 
R X T 15 408 19156 16 5 
Residual 17 563 4765 11 2 
264** 51** 
6 1 
8, 0 
84* 3 
10 0 
^Treatments are defined in footnote a of Table A.l. 
*<P^.05). 
**(P<.01). 
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TABLE A.11. (Continued) 
20 
SGOT LDH Urea N. Hemoglobin 
Source of variation d.f. M.S. M.8# M. S. M.S. 
Replication (R) 3 122 30115 47 1 
Treatment (T) 5 454 75058 82 8 
Protein source (P) 769* 10728 354** 40** 
2+3 va 4^ 1 343 61921* 37 6 
6+7 vs 8 1 118 66146* 0 1 
2 vs 3 1 676* 98223* 5 0 
6 vs 7 1 281 208762** 0 1 
R X T 15 108 12542 21 4 
Residual 17 164 7388 ' 8 2 
24 
Replication (R) 3 590 42432 37 6 
Treatment (T) 5 2053 36118 38 7 
Protein source (P) 1 2842 8971 174** 12 
2+3 vs 4® 1 796 23990 15 0 
6+7 vs 8 1 12 19826 0 25* 
2 vs 3 1 6087* 138381** 8 2 
6 vs 7 1 18 6365 4 5 
R X T 15 1094 6689 12 3 
Residual 17 1678 9089 13 3 
28 
Replication (R) 3 179 4737 36 4 
Treatment (T) 5 244 9207 69 2 
Protein source (P) 1 472* 15175 352** 12 
2+3 vs 4® 1 291 4251 3 1 
6+7 vs 8 1 32 12 33 0 
2 vs 3 1 320 24226* 3 0 
6 vs 7 1 0 1484 23 0 
R X T 15 100 4308 17 4 
Residual 17 131 8196 6 2 
32 
Replication (R) 3 1 1158 9 1 
Treatment (T)/ 5 311 14666 36* 3 
Protein source (P) 1 849* 219 162 9* 
2+3 vs 4® 1 263 17895 5 1 
6+7 vs 8 1 3 615 36 6 
2 vs 3 374 50700* 7 1 
6 vs 7 1 63 433 11 2 
R X T 15 101 7434 11 2 
Residual 17 109 3672 9 2 
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TABLE A. 12. ANALYSIS^OF VARIANCE FOR PROTEIN METABOLISM - SERUM AMINO 
ACIDS AND UREA NITROGEN (3 to 10 weeks) 
Amino acids 
Total Total Total Urea Serum 
M.S. ESS nonESS cycle urea N. 
Source o£ variance d.f. M.S. M.S. M.S. M.S. 
Three weeks 
Replication 3 692 126 251 19 15 
Protein source (P) 1 1 5 2 63** 1114** 
Vitamin E (E) 130 25 41 3 39 
Selenium (Se) ! 1 216* 12 126* 3 0 
P X E 
1 . 20 0 23 0 0 
P X Se 1 164* 55* 29 20* 0 
E X Se 1 464** 119** 113* 13* 12 
P X E se Se 1 5 9 27 1 4 
Residual 20 33 9 18 2 18 
Seven weeks 
Replication 3 65 13 31 5 11 
Protein source (P) 1 860* 252* 181 1 373** 
Vitamin E (E) 1 560 145 135 13 1 
Selenium (Se) 1 525 113 151 23 43 
P X E 1 17 35 3 4 18 
P X Se 1 74 17 20 7 0 
E X Se 1 100 32 19 8 5 
P X E X Se 1 79 14 26 0 20 
Residual 21 127 34 33 6 28 
Ten weeks 
Replication 3 410 154 83 19 144 
Protein source (P) 1 302* 57 97 2 2 
Vitamin E (E) 1 282* 128* 30 22** 392 
Selenium (Se) 1 376* 298** 5 45** 867* 
P X E 1 119 25 35 3 834* 
P X Se 1 143 28 44 0 739 
E X Se 1 193 98* 16 18** 252 
P X E X Se 1 22 1 31 0 964 
Residual 19 52 17 17 2 183 
*(P<.05). 
**(P <.01). 
